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___________
1 INTRODUC T ION

This report represents the final product of the Booz ,
A llen s tudy ,  “Metroloqy for Future Army Test , Measurement,
and Diagnostic Equipment (TMDE) Requirements ,” conducted
for the U.S. Army Electronics Command .

1.1 OBJECTIVE

During the past decade , both the capabi l i t ies  and
technology of Army communications-electronics (C-E) equip-
rnent have rapidly advanced . Historically, the equipment
development process inadequately addressed the maintenance
of new sophist icated equipment once it was f ie lded . This
resulted in inadequately equipped depots and other mainte—
nance echelons and , consequently, poor equipment availability
and hig h maintenance costs .

1’
This study was ini t iated to alleviate these problems .

The objective of the study was to forecast  the impact of
fu tu r e  technology and design trends on TMDE for  the
1985-2000 t ime frame . TMDE would be required to support
f ie lded Army C-E equipment.  It is planned that th i s
forecasted impact wi l l  in f luence  current  and fu tu re  Army
TDME development programs so that  the equipment needed to
main ta in  the prime equipment items wi l l  be avai lable  when
the prime eauipment is fielded .

1.2 APPROACH

To meet this  object ive , an advanced s tudy  was fo rmula ted
t cons is t ing  of the following four tasks:

Equipment d e f i n i t i o n
Technology projec t ion
Equipment projec t ion

• . Test requirements  d e f i n i t i o n.

The approach used for  each task is discussed in the fo l lowing
subsect ions .
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1.2 .1 Task 1 - Equipment Definition

The pu rpose of th i s  task was to de fine the equi pment
types that would be considered in greater detail during
the remainder of the study. An initial list of representa-
tive equipment within each equipment category was chosen
for further study based on the professional judgment of a
panel of senior Booz , Allen eng ineers. The representative
equipment was then discussed with engineers at ECOM to
ensure that the list was not overly restrictive .

1.2.2 Task 2 - Technology Projection

The approach used to derive the technology projection for
this task was divided into four steps . The first step in
the actual forec asting ef fo rt was to determine the technology
areas which would impact future Army metrology requirements.
Through a series of meetings wi th senior s t a f f , technology
areas were selected to cover all aspects of C-E equipment.
These areas were discussed with Government personnel and
initial agreement was reached on the areas to be considered .
Through this process , 19 technology areas were listed .
The areas of m icroelectronic packaging, bat ter ies, fuel
cells , and thermoelectic generators were removed f rom the
list since improved performance in these areas will not
require improved testing or measurement capabilities.
Additionally, automatic test support systems and tactical
multiplex systems were removed because they were not basic
technology areas.

The second step was to identify both the technical
approaches per t inent  to each area and the performance
parameters wh ich would dep ict the performance qrowth of
the technology area. This was accomplished through a
literature search and interviews with knowledgeable Govern-
ment experts , which resulted in consistent , meaningf u l
data . -

The third step was to collect performance data , some
of whi ch was a lready avai lable  f rom the  approach an d
parameter identification process. During this step, upper
and/or lower theoretical performance limits were identified.
If no limits were found , the pro jec t ions  were allowed to

• continue at the predicted rate .

The fourth step was to perfo rm a regression analysis
using the breakpo ints of the technical approach curve s as
data points to determine the equation of the trend curve .
This equation was plotted and the technical approaches
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were superimposed upon i t .  Since performance improvement
is exponential , a logar i thmic  scale was used and the trend
curves were plotted on semi-log paper.

The regression analysis was based on the assumption ,
with some historical validation , that technological progress
follows a predictive evolutionary nattern . The postulated
oattern , called a trend curve , depicts the underlying
trend of increases in performance for each technology
area. It is further assumed that the trend will end in
only one of two ways:

A natural physical barrier (such as the speed of
light) will be encountered

Another technology area wi l l  totally take over .

Superimposed on the trend curves are the technical
approaches (e.g., biploar logic circuits in the technology
area of large—scale integrated circuits) . These technical

-‘ approaches form a family of curves that fall into the
following categories:

• . Historical approaches now obsolete

Current and overtaking approaches that are well
known and of immediate interest

Future approaches, now unknown , whose emergence
is guaranteed by the assumed pattern .

The technical approach curves are similar in shape
and consist of three readily identifiable regions:

Research arid development edge . This leading
edge of the curve i~ characterized by a steepslope resulting from rapid increases in per-
formance as the technical approach is brought to
maturity .

Production region . The region in which performance
increases are less dramatic and occur over
longer periods; results in a much flatter slope .

. Breakpoint. The point at which the research and
development edge meets the production portion of
the curve . The use of breakpoints as historical
data points for forming trend curves ensures the
use of consistent , easily identified data points
in making comparative judgments between technical
approaches.

An example of these technical approach curves is shown in
Figure 1-1.
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FIGURE 1-1
Example of Trend Curve

for Technology Forecasting

~~~~~~~ _
10 

_ _

13~ 
_

_

_

_ 

_ 

_

_

_ _~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ --H 
_ _ _ _

6 1/ H 
_ _  

—10 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _____  

l0~ 

_ __ _  _

_ _ _

_ __ _

_ _

_ __ _ _  _ _ _  _ _ _

—
~~~~~~~~~

-—- 
~

fl 

~/ ,~
. _ - •

~~~~~
- -—-

~~
——--

_ _ _  

1 1 , / I  -
-____ _____

1 _ _ _  

_  
_

_
_  

_

10 //LI 
~~p__ii - ~i- ~~~~~

r-
~~

j ) 7J  10~~ 1~~~ 9O
‘in-:- ’- :  -

— 4 —



~ - - -~~~~~~~~~~-- - - -~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~-- - -_ ~~~~~~~~~--~~~~-~~~~~~~---- -_ - - --

Trer~d curve s have a tendency to predic t what seems to
be an unrealistic future . Present technological approaches
m ay have a theoretical limit which is surpassed by the
trend curve .  New approaches , however , may obey d i f f e r e n t
physical  laws and would be constrained to d ifferent li mit s
( e . g . ,  in the l940s , the low power consumption of today ’ s
solid-state c i rcu i t s  would have seemed u n r e a l i s t i c  in that
era of vacuum tubes) . For this reason , unless actual
phys ical barriers were found to prevent it , the trend
curves were projected to the year 2000 without limiting
performance levels.

Not all technology areas could be meaningfully portrayed
by trei~d curves. In some areas (such as avionics displays
in which the technologies differ widely and performance
parameters tend to be subjective), a more narrative approach
was employed . In other areas (such as solid—state RF
devices) , the available technologies are so immature that
trend projection is impossible . Again , a narrative approach
was used and performance parameters of present devices
were graphically depicted .

1.2.3 Task 3 - Equipment Projection

The approach used for the equipment projection task
was to study in detail the equipments chosen during the
equipment definition task. Each equipment type was depicted
using block diagrams to describe major functions. Each of
the blocks in the diagram was studied to determine the
type of technology currently used to implement the function .
This process established the baseline for the projections.

Each equipment type was studied to determine how the
functional blocks would most likely be reconfigured for
future systems. The functional reconfiguration was based
on equipment projections contained in available literature
and interviews held with various ECOM project management
personnel. After determining how the new equipment would
be functionally organized , each block of the functional
diagram was examined by Booz, Allen personnel to determine
the type of technology most likely to be used in implementing
the function . The functions and technologies were then
considered together to identify those functions and/or
technologies which would present new or unique problems to
test equipment.
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1.2 .4  Task 4 - Test Requirements Definition

Usi ng the resul ts of Tasks 2 and 3 , the equipment
expected tc be fielded by 1985 and used until 2000 , together
w ith the equipmen t expected to enter the f i e ld  dur ing
the 1985-2000 t ime f rame , was studied by Booz , Al len
personnel f a m i l i a r  w i th  Government testing procedures and
requirements. Based on this experience , the range of
testing requirements for each type of equipment and technology
was developed . These requirements are summarized in
Section 5. The res ults of de fining the testing requirement s
for the various equipment and technologies were correlated
to identify common requirements.

While the tes ting requirements were being determined ,
a second e f fo rt was proceed ing in parallel. The purpose
of this second effort was to determine the advances in
test equipment capabilities likely to occur between now
and 2000. This study was based upon the results of Tasks

• 2 and 3 as well as a more detailed search of available
literature on test equipment capabilities and applications.

The testing requirements and projected test equipment
capabilities were then compared to identify areas in
which projected capabilties fell short of projected require-
ments. The results of this comparison are summarized in
Section 6. When projected capabilities fell short of
requirements , addi t ional study was undertaken to determine

• whether the capability shortfall was the result of deficient
available technology or improper application of the technology .
This study provided recommendations of how to best use
Government resources in future programs to ensure that
tes t ing  requi rements  would be met .

1.3 SUMMARY OF RESULTS AND CONCLUSIONS

Table 1-1 summarizes the study results. The study has
concluded that :

. The C-E equipment that will be in the field or
fielded during most of the 1985-2000 time frame
is generally either in validation or full-scale
development at this time . Most of this equipment
is based on shortcomings and requirements identif ied
during the Vie tnam and Yom K ippur Wars.

—6—
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Summary of Study Results
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Most of the equipment cu r ren t ly  under develop-
ment wi l l  have an economic l i f e  of 15-20 years .
Therefore , only one major change in capabi l i t ies
per equipment type is considered l ike ly  dur ing
1 9 8 5— 2 0 0 0 .  For those equipments hav ing  a majo r
capability upgrading between now and 1985 ,
fu r the r  major capability changes during 1985-2000
are unlikely.

The technology used in the equipment in the
field during 1985-2000 will generaliy be that
considered s ta te -of - the-ar t  in 1 9 7 0 — 8 0 .

ATE wi l l  be required to ma in t a in  f u tu r e  C-E
equi pment .  Man ual procedures wil l  be incapable
of testing equipment performance and maintaining
the repair volume expected with the likely
available resources.

• . Future ATE will generally be capable of meeting
projected requirements without  addi t ional
Government support.

Additional Government support to develop needed
ATE capabilit ies wil l  be required for  test ing in
the following areas :

- Fast frequency-hopping/spread-spectrum
modem

- Optical/IR transmitter and detector

— Seismic sensor .

The development of the required capabilities is
technologically feasible and involves one or

• more of the following actions :

- Adapting existing test equipment to be ATE
compatible

- Adapting laboratory-type instruments to a
non—laboratory environment

- Adapting technology developed for other
applications to test instrumentation .
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The development of the required testing capability
will be dependent upon good software packages to
support the ATE hardware. Ongoing Government
programs in ATE system sof tware  development are
adequately supported ; however , ATE applications
sof tware  development wi l l  remain expensive and
continue to be a relatively high risk area.

These conclusions, together with the recommended
actions outl ined in Subsection 1.4 , s a t i s f y  the stud y
objectives. However , the study iden t i f i ed  several potent ial
problem areas that were beyond its scope. These problems ,
together with some pre l iminary  conclusions, are discussed
in Section 8.

• 1.4 RECOMMENDED ACTIONS

Based on the results of this study , the fol lowing
actions are recommended :

Existing ATE development programs should be
expanded to include development of testing
capabil i t ies  in the fo l lowing areas :

- Fast frequency-hopping/spread-spectrum
signal processing

- Optical/ IR circui ts

- Seismic sensor testing and calibration .

A computerized data base for technology fore-
casting should not be established. The lack of
firm forecasts more than 5 years into the future
makes such a data base infeasible. However ,
periodic e f f o r t s  should be in i t ia ted  to update
and validate the equations described in Appendix
A.

Additional study of the areas discussed in Section 8
appears to be required ; however , the development of specific
recommendations for these areas was beyond the scope of
this study.

1.5 REPORT ORGANIZATION

The remainder of this report is organized as follows :

Section 2 - describes the scope of this study
arid the individual equipments studied in detail.

Section 3 - summarizes the results of the technology
projection effort.

— 9 —
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k . Section 4 - describes the general and specific
technical characteristics of C-E equipment to be
f ie lded during 1985—2000.

Section 5 - describes the test equipment require-
ments which must be met to maintain fielded C-E
equipment during 19 8 5 — 2 0 0 0 .

. Section 6 — describes the areas in which test
equipment capabil i t ies wi l l  meet or exceed
requirements and those in which capabilities
will fall short.

Section 7 - describes issues requiring further
study.

• Appendix A details the results of the technology
projection . Appendix B describes the regression techniques
used dur ing the technology project ion; Appendix C presents
the technology projection interview results , and Appendix
D describes the equipment projections for the 1985-2000
time frame.
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• 2 SCOPE

The generic types of C-E euipment considered during
this study were :

Tactical communications
1~ Strategic communicat ions

• Avionics

• Target detection and acquisition

Electronic warefare.

Within each equipment ty~e, representative kinds of equip-
ment were considered in greater detail. The size of the
study , together with the range of equipment being considered ,
dictated that representative equipments within each equipment
categoi:y be studied in depth and the test equipment require-
ments of these equipments serve as the requirements for
the entire category . The representative equipment types
were chosen based on professional judgment using the
following considerations :

. Commonality of functions and circuitry with
- 

- other equipment in the category

Likely advancement in capabilities

• Relationship of equipment in one category to
equipment in other categories

Known development programs in each category
which should represent the next advancement in
fielded capabilities.

Based upon these considerations , the generic categories
and equipment in each that were studied in depth are
listed in Table 2—1.
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3 TECHNOLOGY PROJECTION

This section describes the resu l t s  obta ined f rom the
technology projec t ion performed to es tabl ish  a technology
baseline for  both the f ie lded C-E equipment r equ i r ing  sup-
port during the 1985-2000 time frame and the test equipment
available to provide that support.

3.1 TECHNOLOGY AREAS INVESTIGATED

The technology areas investigated are listed in Table
3-1 together with the parameter(s) used to evaluate tech-
nical capability in each area . Based upon the results of
the initial literature search and confirming information

• obtained through interviews , the following areas included
in the table were el iminated from fur ther  considera t ion:

Tactical mul t ip lex  systems. It  was determined
that tactical multiplex systems would not offer
any uni que challenge to equipment suppor t .  The
technolog ical advances that  would be used in
tactical m ultiplex equipment are described under
other categories ; therefore , there was no
justification for retaining tactical multiplex
equipment as a stand—alone category .

Microelectronic packaging. The technological
changes that would occur in microelectronic
packag ing would not a f f e c t  the capab i l i t y  of
test equipment to fault detect/isolate defective
parts or circuits. Advances in packaging

¶ probably would affect maintenance techniques and
practices; however , these effects are beyond the
scope of th is  study .

4’ 
. Bat ter ies .  While  it is ev iden t tha t there w i l l

- - 
be significan t technological advances in battery
capabi l i t ies  over the nex t 25 yea rs , these

-• 
ddvances would have no impact on the ability of
test equipment to fault detect/isolate defect ive
units or parts. Therefore , these adv ances were
not relevant to t h i s  s tudy .

-4--
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TABLE 3-1
Technology Areas Considered

k Technoloqy Area Evaluation Parameter

Automatic Test Support Systems FC*

Army Avionics Display Systems FC

Image Intensifiers Recognition Range

LSI Chip Complexity
Circuit Density
Function Cost
Power Consumption

Digital Voice Coding FC

Solid—State RF Generators FC

Optical Communications FC

Millimeter Wave Systems FC

Tactical Multiplex Systems FC

Main Frame Memories Memory Cost
Speed—Access Time
Power Consumption
Storage Density

Auxiliary Memories Access Time

I Mass Memory Cost
Capacity
Storage Density
Data Rates

ADP Displays FC

Surface Acoustic Wave Devices FC

Switching FC

Frequency Control Devices PC

Microelectronic Packaging PC

Batteries Energy Density
Storage Life
Temperature
Specific Cost

-r Fuel Cells FC

Thermoelectric Generators FC

*FC = Functional Capability 
—
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Fuel cells. Similar to batteries relative to
use and proje~ ted technological advances; fuel
cell advances were considered i r re levant  to the
problems being studied .

Thermoelectric generators. Similar to batteries
and fue l  cells re la t ive  to use and projected
technological advances. No new or unique
testing problems w i l l  be encountered as a result
of advances in thermoelectronic gencrators  and ,
therefore , they were not considered relevant to
this study.

3. 2 INTERPRETATION OF RESULTS

The detailed results to the technoloqy frrecast are
-‘ presented in Appendix A.  Because of the scarci ty  of

~
- I reliable technological project ions  25 years into the

future , the approach chosen was to extrapolate past per-
formance and near-term projections into the future using
regression techniques. These techniques are detailed in

~ P Appendix B.

When these techniques are applied to the data points
in some technology areas, the projected performance levels
seem absurd. Unless a firm physical constraint such as

- 
- the speed of l ight was being violated , the projected

- - performance was assumed to be achievable . Different
technological approaches often obey different physical
laws and are subject to unique constraints. Since the
approaches behind a particular technological area in the
year 2000 are currently unknown , project ions that appear
unrealistic today could eventually be quite logical.
Historical evidence supports this assumption .

3.3 TECHNOLOGY BASE OF FIELDED C-E EQUIPMENT IN THE
1985-2000 TIME FRAME

~ I The technology employed in fielded C-E equipment
tends to be between 10 and 20 years behind the state-of-the—art
in a given area . The two basic reasons for this technological
are that the :

Military procurement process generally requires
10 years for equipment to move from the validation
phase through development and production into
fielded use

Economic life of C-E equipment is generally 20
years.

-15-
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Since the m il it a ry  procurement cycle typica l ly  takes
10 years to complete , the technology proven feas ib le
during the validation phase is between 8 and 10 years
behind the s t a t e -o f - the -a r t  when the equipment is f i n a l ly
f ielded . This technology lag is re la t ive ly  constant even
then the procurement process is expedited. In order to
qu ick ly  f i e ld  equipment  meet ing u rgen t  requirements ,
ol der , more f ami l i ar technology is used to min imize
development problems.

Limi ted f unds and the necessi ty  to f u l ly  real ize the
economic payback lifetime for the equipment (i.e., to
f u l l y  amort ize  high cost or large volume inventory i t e m s ) ,
d ic ta te  tha t  once equ ipment is fielded , it wi l l  not be
qu ick ly  replaced . Onl y when a new development renders
ex is t ing  equipment so obsolete that  it cannot accomplish
its primary mission is equipment replaced before the end
of i ts  f u l l  economic l i f e .

Therefore , C-E equipment f ielded dur ing  the 1985 time
frame generally will employ 1975 technology . Similarly,
equipment f ielded dur ing the 2000  time frame wi l l  use
1985-90 technology.  The technology project ions for
f ielded C-E equipment in the 1985 time frame are very
rel iable since the technology to be used is already several
years old . The technology projections for the 2000 time
frame are still reasonably reliable since they are less
than 10 years  into the fu tu re . -

3 . 4  RESULTS OF TECHNOLOGY PROJECTION

The resul ts  of the technology pro jec t ion  performed
are detai led in Appendix A; they are b r i e f ly summarized in
the fo l lowing subsections.

3 . 4 . 1  Funct ional  Capabi l i ty  Versus Requirements

The performance levels achieved by the various tech—
nologies of interest  wi l l , by 2000 , f a r  exceed the demands
presented by currently known requirements. Therefore ,
future emphasis will be on cost reduction rather than
maintaining the current rate of technology growth , parti-
cularly when the two are incompatible. For example , in
the case of a t ransmission system , rather  than ind e f i n ite ly
increasing the traffic—handling capacity (which might be
technological ly  p o s s i b l e) ,  development programs wi l l  be
directed at cost reductions and improving such physical
parameters as size , weight , ruggedness , and capability for
surviving a hostile environment. In many areas , cost/performance
tradeoffs will serve to balance expenditures and actual
performance.

— 16—
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Just as the growth of f u n ct ion al capa b i l it y  w ill be
l imi ted  by cost considerations , greater utilization will
be made of the available capabil ity. For example , in the
case of transmission systems , all t r a f f ic classes (voice ,
data , video , etc.) will be carried in a secure , digitized
format over a single medium ; unused time slots will be
detected and filled with queued in formation from various
different sources. Thus , although capability may be
restricted by cost considerat ions , the av ai lable capab i l ity ,
in terms of occupancy and var iety of fu nc t ions  performed ,
will be maximized. This trend will generally be true of —

all technology areas considered .

3.4.2 Analog Versus Digital Signal Processing

It is impossible to definitively state when analog
signal processing will no longer be used in new equipment
designs. However , by 2000 , most new equipment will use
digi ta l  signal processing in its basic design . This is
the result of increased capabilities of digital circuitry ,
the size reductions being achieved through LSI , and the
advantages of digital versus analog signal processing ,
such as :

Lossless t ransm ission

Error—correction capability resulting in virtually
distort ionless reproduct ion of the or iginal
signal

Ease of implementing security capabilities.

The trend to increasing digital circuitry will also
reduce the applicability of manual test procedures to
fault detection and isolation .

3.4.3 Ult imate  Limi ta t ion  to Size Reduction

Although advances in LSI technology could theoretically
increase component density and greatly reduce component
size , the necess i ty  for  human operators to access the
controls associated with the equipment limits this trend .
Though the thickness dimension of future equipment may
approach zero , s u f f i c i e n t  f ron t  panel area must  be re ta ined
to permit  the operator to m a n i p u l a t e  control  knobs and
swi tches , and read and in t e rp re t  ind ica to r s .

—17—
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4 EQUIPMENT PROJ ECTION

This section describes the types of equipment that
are l ike ly  to be f ie lded dur ing the 1985-2000 time frame .
General t rends in equipment development are discussed
f i r s t , followed by discussions by equipment category for
the 1985-2000 time frame . The specific detailed descrip-
t ions , including equipment configuration diagrams , are
discussed in Appendix D.

4 .1 GENERAL TRENDS

Al though there wi l l  be obvious d i f f e r e n c e s  in the way
equipment w i th in  the various categories advances in capabi l i ty,
a number of under ly ing  trends exist in the way capabi l i ty

• advancement will be achieved . These are described in the
fo l lowing  subsections.

4 .1 .1  Use of Microprocessors

Future  equipment , subsystems and systems w i l l , in
genera l , be controlled by microprocessors integrated into
the basic design of the equipment subassemblies. The
complexi ty of these microprocessors wi l l  va ry  wide ly  and
will be dependent on the specific application . At one
extreme are the microprocessors which  w i l l  replace discrete
Boolean logic circuits or arrays through a software imple-
rnenta t ion  of the required f u n c t i o n s .  Microprocessors
imp lemen ted at th is  level wi l l  be relatively hidden in
that the user will probably not realize that the equipment
item contains any embedded computer resources. Also ,
through t ry ing the capabi l i t ies  of the several microprocessors
l ike ly to be contained in a single large equipment in to a
d i s t r ibu ted  capab i l i t y ,  the capabi l i ty  of any one micro-
processor will be increased many times.

At the other end of the microprocessor implementat ion
- - 

spectrum are those microprocessors with capabilities which
overlap those of minicomputers  or even larger computers.
For example , the AN/ TTC-42 uni t  level switchboard being
developed by the Mar ine  Corps as part  of the TRI-TAC
Program will probably be controlled by a computer system
using redundant microprocessors. The 7~N /TTC-42 will be a
fully automatic 150-line circuit switch. To the user ,
this microprocessor will seem to be a full-capability
computer system , and the user w i l l  be f u l l y  aware tha t  he
is interacting with a computer system .

— 1 8 —



Increased use of microprocessors  wi l l  enable new
equipment  to adapt itself to changes in its ope ra t i ona l
envi ronment ;  th i s  w i l l  sig n i f i c a n t l y  reduce the equ ipmen t ’ s
suscept ibi l ity and vu lne rab i l ity , and w i l l  resu l t  in more
surv ivable  and re l iab le  equipment .  The f a i l u re  of single
components in an equipment may not significantly affect
equipment performance since the microprocessor will provide
a “work—around ” capability.

4.1.2 Man/Machine Interface

The man/machine i n t e r f ace  will become oriented towards
the machine adapt ing  to human requi rements  ra ther  than the
man adapt ing to the l imi t a t ions  of a machine . The equipment
d i sp lays  wi l l  present in fo rmat ion  to the equipment operator
using simple na r ra t ive  and symbolic data . For complex

- in fo rmat ion  presenta t ion , pic tor ia l  di sp lays (such as map
- displays wi th  “ overlays” )  w i l l  be used .

In addit ion to these standard display formats , the
user wi l l  be able to request addi tional in f o r m a t i on on
specific portions of the display . This display enhancement
wil l  be available through the i n f ormat ion storage/ retr ieval
capabi l i t ies  of the embedded computer resources previously
discussed .

Inputting i n f o r m a t i o n  to these f u t u r e  systems wi l l
also become grea t ly  s impl if ied. Since many of the systems —

will largely be automated , in forma tion will be input via
preformatted magnetic tape cassettes. If it is necessary
to enter additional in formation during normal equipment 

S

operation , this information will be input via VDU keyboard
or optical character  readers. Punched cards or tape wi l l
virtually disappear as a data entry technique .

4.1.3 Replacement of Analog Circuits by Digital Circui t s

The current trend of replacing analog techniques and
circuitry by digital techniques and circuitry will continue
and accelerate until virtually all signal processing is
accomplished via digital techniques. Equipment fielded
during the 1985—2000 time frame will bc all -di gi ta l  unless
some function cannot be accomplished with current digital
technology . In those few instances where analog techniques
wi l l  cont inue to be used , the analog c i r c u i t r y  wi l l  be
interfaced and controlled by the digita l circuitry in the
remainder of the equipment .  In this  manner , the en t i re
equipment/system will be placed under diq’tal control.

—19—
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Coupled w ith th is swi tch f rom an a l og to di gi ta l
c i r c u i t r y ,  the use of LSI circui t ry  will inc rease. Th is
i n c r e a s i n g  use of LSI c i r c u i t r y  w i l l  not result in th rowaway
modules  or c i r c u i t  boards , however.  As the e lec t ronics
are bet ter  able to accommodate a g iven set of requ irements
u s i n g  fewer , cheaper components , the requi rements  w i l l
increase.  The resu l t ing  electronics  w i l l  s t i l l  f i t  in the
same physical space occupied by current circu itry ; however ,
extensive use of m i l t ilayer  circuit boards and custom LSI
chips w i l l  make each board so expens ive tha t the boards
mus t  be repaired ra ther  than discarded and replaced . For
example , the current  net radio w i l l  be replaced by the
SIN CGARS f a m i l y  of radios .  SINCGARS w i l l  incorporate
COMSEC and a n t i j a m  capab i l i t i e s  into a s ingle  package tha t
is l ike ly  to be smaller  and l ighter  than  cur ren t  net
radios.

4 . 2  NEW FIELDED EQUIPMENT: 1985 TO 2 0 0 0

The new equipment to be f ie lded and the r e l a t ive ly
new equipment  that  wi l l  already be in the f i e ld  dur ing  the
1985-2000 t ime frame are discussed in the fo l lowing  sub-
sections in the context of the equipment categories considered
d u r i n g  the s tudy.

4 .  2. 1 Communications

4.2.1.1 TRI-TAC Equipment

The equipment being developed under the TRI-TAC
Program will become the standard for providing both strategic
and tactical switched commun ications. Thi s equipment w i l l
begin to be fielded by 1985. During the 1985-2000 time
frame , the TRI—TAC equipment wi l l  replace the cur ren t
inventory equipment until these equipments compose virtually
the entire switched communications inventory by the year
2 0 0 0 .

The technology being employed in TRI-TAC equipment is
genera l ly  CMOS , NMOS , and PMOS LSI technology . The
biggest exception to th is  is the projected use of f i ber
optics cable to interconnect major system elements in
physical proximity. This use of fiber optics cable is
projected to be in the f i e ld  by 1990. The f i r s t  appli-
cation of f iber  optics cable in TRI—TAC will be the replace-
ment of coaxial  cable used in high-speed data  t ransmiss ion
between the AN/ TTC-39 and AN/TSQ-l ll .

—20 - -



~~~~~~

k- 4 .2 . 1 . 2  Net Rad io

The SINCGARS family of net radios is to be fielded
• d u r i n g  the 1985 t ime f r ame . Th i s  f a m i l y  of radios  w i l l

replace all net radios currently in use includinq : air—
craft VHF radios; armor- and jeep—mounted radios; and
manpack radios. It is ~tnticipated that by 2000 , the
SINCGARS family will have renlaced almost all current
inventory radios in these areas.

The SINCGARS family of radios will use frequency
hopping to provide anti-jam protection . COMSEC capability
will be provided by a plug-in module . The technoloqy that
is likely to be employed in SINCGARS is CMOS , PMOS , or
NMOS LSI.

4 . 2 . 2  Avionics
4-

The general trends in avionics equipment will be to

“ 

change the system/equipment configura t ion and make more
general use of fiber optics cable to interconnect the
equipment. Avionics equipment is in the process of changinq
from discrete equipments (each having dedicated sensors
and displays) to an integrated system using shared sensors
into a central processor that uses a single integrated
d i sp lay  to convey information to the pilot .

Coupled with the trend to an integrated avionics
system and the resu l tan t increase in the use of digi ta l
signal processing will be the increasing use of fiber
optics cable in place of wire . Signal multiplexing will
permit a significant weight reduction associated with
internal signal processing and transmission . Since weight

~~~~ 
-I is a limiting factor in aircraft performance , the additional

cost of f i ber opt ics wi l l  be j ust if i able and fiber opt ics
w i ll be widely  used .

The indiv idual subsystems or elements of the av ion ics

~~~ 

--- system are detailed in Appendix D. All of these elements
w i l l  use technology tha t  is ty pi c a l l y  used in cur ren t
equipment such as CMOS , PMOS , or 12L LSI, with the exception
of the f iber opt i cs  cab le and associated opt ical drivers

— - and receivers.

I~4 -
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k 4.2.3 Target Detection and Acquisition

The fo l lowing equipment from four  majo r  programs is
currently entering the field or will enter the field

• du r ing  the 1980—90 time frame :

FIREFIN DER

. Remotely Mon itored Bat t l e f ie ld  Sensor System
( REMBASS)

TACFIRE

AN/TSQ-73.

These equipments are discussed in greater detail  in the
• following subsections.

4 .2 . 3 . 1  FIREFINDER

• The ~‘IREFIN D ~~R Program is developing equipment which
wil l  detect and locate the source of unfriendly artillery
and mortar fire. Two approaches are currently under
consideration for meeting the established requirements:
(1) the use of phased-array radar to scan for incoming

4- rounds and then calculate origination point based on
f l i g h t  prof i le ;  and ( 2 )  the use of seismic detectors to
detect strength and direction of seismic vibrations coupled
with radar to locate the source of unfriendly fire. Both
approaches have proven feasible; however , the combined
radar/seismic approach offers size and weight advantages.
This approach may make man—portable systems feasible for
use against unfriendly mortar fire.

The technology employed in these systems is basically
- 

- that used in other equipment developed during the 1970-75
time f rame . The one exception to this genera l iza t ion  is
the use of seismic detectors in the man—portable  mortar

• location equipment.  The technology used in these detectors
is the current  s t a t e—of—the-a rt ;  however , the application
is unique .

4.2.3.2 REMBASS

- ‘  The equipment being developed by the REMBASS Project
Office is designed to provide surveillance information on
enemy troop and vehicle movements through multiple sensors
using a variety of technical approaches , including radar ,
seismic/acoustic , optical/IR , and chemical sensors. The
outputs of these sensors are tied to a central data collection
point , correlated , and analyzed to provide a real-time
intelligence capability .

—22—

________

_ _  1



I-

The technology to be used in these sensors and the
balance of the system is expected to be more advanced than
tha t  used in previous ly  discussed systems /equ ipment .  This

• is because much of the equipment is s t i l l  in advanced
development or less advanced in eng inee r ing  development .
It is l ike ly , the re fore , that LSI technology used in this
equipment will tend to be CMOS and 12L as a result of the
requirement for real-time processing and low power con-
sumpti on. The tech nology used in the vario us sensors is
expected to be si1rxiliar to that used in the data collection
and correlation equipment .

- • 4.2.3.3 TACFIRE

The TACFIRE Syste m is cur rently bei ng fiel ded ; this
equipment is expected to be in the f i e ld  throughout the
1985-2000 time frame . TACFIRE is designed to correlate
info rmat ion  concerning potential targets fo r ar ti l l e ry
f i r e  and direct  the result ing a r t i l l ary f i r e  to obtain the

• most effective use of the available resources.

As stated , TACFIRE is currently being f i e lded. The
technology used in this sy stem is typical of that  used in
equipment developed during the 1970 time frame . The
computer system is the same as tha t used later in the
AN/TTC-39.

4.2.3.4 AN/TSQ—73

The AN/TSQ—73 is the HAWK “missile minder” system .
Its concept is s imi l ia r  to TACFIRE except tha t  the resources
being managed are HAWK miss i le bat teries rather tha n
artillery batteries. The AN/TSQ-73 is currently underqoiriq
test ing pr ior  to its deployment .

The technology used in the AN/TSQ-73 is similiar to
that used in the TACFIRE , AN/TTC-39 , and other systems
developed during the 1970-75 time frame .

4.2.4 Electronic Warfare

Electronic  wa rf a r e  systems being developed b a s i c a l l y
fall into two areas: (1) warningS and homing receivers;
and (2) jammers. The scope of electronic warfare has

- 0 recently broadened in response to new technology applica-
tions. With the wider application of optical/IR target
designat ion and related gu idance systems , the warn ing ,
homing, and jamming capabilities that have developed to
defeat radar illumination and radar-directed gun or missile
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f i r e  need to be developed to defea t  opt i ca l/ IR  i l l umina t i on.
The development of new warning and homing devi ces and an
associated jamming capability is currently in process; new
equipment is planned for fielding during the 1965-2000
time frame .

The electronic warfare  equipment to be fielded du r ing
the 1985-2000 time frame will use LSI technology such as
CMOS or 12 L in its processing circuitry. The final amplifiers
of the radar j ammers are l ikely to continue using tube
technology to provide required output power . The f i n a l
amp lifiers of the optical / IR j ammers will be som e type of
controllable light source such as narro wbeam Xenon arc
lamps for the noise jammers and tunable lasers for the
deception/spoof ing j ammers.

V
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5 C A P A B I L I T I  REQuIP1 - :~1LNTS F’~~R TEST EQU I PMENT

This  sec t ion  d i scusses  the stimulus and measurement
c a p a b i l i t i e s  t h a t  w i l l  be r - 5 i u i r e d  of any  tes t  equipment
used to m a i n t a i n  f i e l d e d  Arm ’: C-E equipmen t d u r i n g  the
1 9 8 5 — 2 0 0 0  t ime frar ’i~- . These c a p a b i l i t i e s  w i l l  g e n e r a l l y
be required regardless of tb maintenance support leve l at
which the e~juipme- t is er’I - lc I : ed . Closely related to the
capabilities required of support test (-c)uipment are the
built-in test equipme :C (BITE ) capabilities designed into
the prime eqiipment durinq the development process. Since
the BITE capabilities effectively set a upper bound to
complexity of the unit under test (UUT) which must be
tested by the support test equipment , prime equipment BITE
is discussed first followed by the type of test data
required for  each equipment  category of i n t e r e s t .  This
section concludes with a discussion of the specific stimulus
and measurement  c a p a b i l i t i e s  required of f u t u r e  test
equipment .

• 5.1 PRIME EQUIPMENT BITE CAPABILITY

BITE allows an equipmen t operator/repairman to isolate
cer tain faults without the aid of external test equ ipment.
The level (e.g., assemblage , PC card , component )  to wh ich
any fault may be isolated depends on the sophistication of
the BITE , which can vary from a manually-switched analog
meter (used by an operator to check equipment operation at
various internal stages through a set of predefined pro-
cedures) to an automatic fault detection system which
automat ica l ly  displays fau lt occurrences and iden t i f i e s
the faulty module to the operator . The amount and sophisti-

• cation of the BITE used in a particular equipment depends
on considerations which include :

Maintenance philosophy
Equi pment complexity
Equipment cost

. Equi pment quantity

. Avai lab le  ex te rnal  test equ ipment .
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If ar. equ ipment  operator ’s maintenance responsibilities
5ire limi ted to changing fuses and sending entire assemblages
of f a i l e d  equ i pment to upper m a i nt e n a n c e  echelons , i i  is
o n l y  necessary to ind ica t e  when an item has failed . On
the  other  hand , i f  the operator is responsible for replacing

• f a i l e d  modules  or subassembly elemen ts , the BITE should
i n d i c a t e  which module or subassembly has failed . In this
manner , the equipment ava ilab i l i t y  is maximized through
m in im i z i ng the equ ipment ’s mean time to repair (MTTR) .

To simp l i f y  f a u l t  i solation , it is usually des irable
to have more sophis t ica ted  BITE in complex equ ipment .
However , as the equipment becomes inc reasingly complex ,
the hardwa re and sof tware  needed f or au toma t i c f a u l t
isolation using BITE also becomes increasingly complex .
Therefore , it may be- necessary for the BITE implementation
and fault—location capability used in very complex equip-

• ment to be at relatively hi gher ( l ess  de ta i l ed) levels
than is true for simpler equipment. If this tradeoff is
not considered , a sig n i f i c a n t  portion of the overal l
des ign e f f ort w i l l  be devoted to provid ing  the speci f ied

• level of BITE .

As par t  of the BITE implementa t ion  level/ equipment
comp l ex i ty  tradeoff , equipment cust must be considered .
As the BITE implementation design effo rt increases , the

* proportion of the development and production costs associated
with BITE also increases. Under ordinary circumstances ,
it is not easy to jus ti f y  BITE which costs a sign i f i c a n t
amount (greater than 10 percent) of the total equipment
cost. Thus , inexpensive , simple equipme nt is not expected
to conta in  a significant amount of BITE , whi le  more costly
and more complex equipment can be expected to contain
significant amounts of BITE . As previously stated , the
effort and cost required to implement BITE to a fixed
level may rise proportionately f a s t e r  than the overa l l
equipment cost as the basic equipment becomes more complex .
There fore, for more complex equipment , a f ixed percentage
of BITE cost to equipmen t cost may result in proportionately

• less capability for complex equipment.

• . Fault isolation for equipment which will be fielded
• in large quantities can probably best be perfor med using

ex te rna l  test equi pment located at a cen t ra l  test f a c i l i t y.
Unique , complex equipment which is fielded in very small
quantities probably should have any necessary special test

I,

r
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equipme n t: b u i l t  i n .  I-~or e qu i p m e n t  f a l l i n g  between these
two extremes , the specified BITE imp lementation level
should be the subject of a tr5idoo ff study. This approach
is cost-effective and assures that sperial testing needs
w i l l  be met i n  the f i e l d .

The final consideration in determ ining the l&- v el of
BITE to be specified for an equipment i tem is the availability
of existing test equipment capable of supporting the prime
equipment. If widely used (especially automatic) test

• equipment is ava ilable , it is probable that tradeoffs
would indicate a low-leve l implementation of BITE cr)up led
with providing adequate automatic test equipment-compatible
test points. If this ap proach is specif ied , the cost of
providing the required test support is reduced to deve1o~~in~
and rnaintdining the required automatic test equipment

• (ATE) test software . This cost is generall y lower than
the cost of providing both the hardwar - dnd software-
in ternally to the equipment.

• In summary, BITE must be tailored to fit the needs
and uses of each spec i f ic  eq uipment item . Larqe , complex
items f ielded in small quant it ies wou ld gene ra l l y hen~~fit
by the inclusion of a large amount of BITE , possibly
includ ing automatic fault isolat ion capabili ty. The use

* of large amounts of BITE in widely  f i elded ~~
- 
~uipment i~

not as well justified . The best approach for these ty e:~of equipment appears to be limited BITE , indicatinq the
general operational status of the equipment and the status
of the lowest rep laceable unit coupled with more speci fic
fault isolation performed by ATE at centralized support
locations.

5 . 2  PARAMETRIC DATA REQUIREMENTS

Before equipment faults can be diagnosed , the status
of cer ta in  equipment parameters must be known . The equip-

¶ ment configurations in Section 4 and Appen dix D will be
impacted by technological  advances in the areas of :

• Dig ital logic
• Optical/IR devices

RF generation and receiving .

Parametr ic data requirements for each area are discussed
in the fo l lowing  subsect ions .

— 2 7 —



~~~~~~ - -

5.2.1 Digital Logic

Rapid advances in the state-of-the-art of digital
logic technology are expected to r e su l t  in denser LSI
chips , smaller module packag ing , more complex c i r cu i t s,
and denser circuit boards. These advances will also
resul t in a l imited number of avai lable  c i rcuit test
points in post—1985 digital logic circuits.

The parameters avai lable  for f a u l t  detection and
isolation of logic circuits in the post—1985 era will
include :

• Circuit board input/output (I/O) voltages and
currents

• Circuit board test patterns

• Power

Switching f requency

Chip I/O voltages and currents

• Chip I/O test patterns

Specific accessible test points.

Manual fault-isolation procedures using these parameters
would be lengthy and tedious. The tester would also need
to be highly trained ; consequently, manual testing would
be very costly. Therefore , troubleshooting logic c i rcu i t s
in the post—1985 era will require some type of automatic
test system for supplying the necessary stimuli and
recording and comparing the actual output responses to a
predetermined output pattern .

The requirement for some type of automated test
system stems from the denser chips , denser c i rcui t  boards ,
and fewer test points. Each area is very dependent upon
the other. Circuit board density will increase almost
ten-fold as a result of the denser LSI chips which will
permit more complex circu itry to occupy less ch ip and
circuit board area. As a result of the area reduction and
increased circuit complexity , the test points forme rly
available in a large circuit consisting of either discrete
components or more chips of lower density will no longer
be avai lable  for  use in manual  testing procedures .  An

r
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automatic test system provides not only a more accurate
method for  tes t ing bu t also a fas te r  and more e f f i c i e n t
method for testing large , complex logic circuits. As the
system becomes s u f f i c i e n t l y  complex , automatic testing is
the onl y feasible testing method .

5.2.2 Optical/IR Devices

Advances in laser technology ,  low—loss optical fibers ,
semiconductor optical  sources and detectors, and electro-optic
signal devices will resul t  in an increase in applicat ions
of optical/IR techniques in C-E equipment in the post-1985
time frame . Devices designed to interface optical/IR
devices with communications or target detection and acquisi-
tion equipment will have the following parameters available
for use in both manual and automatic fault detection and
isolation :

Bit rate
• . Wavelength

Output  power
Input excitation
Rise time
Noise equivalent power.

5.2.3 RF Generation and Receiving

Solid-state RF devices are expected to replace tube
devices such as the klystron and traveling wave tube (TWT)
for most lower power RF generator and transmitter applica-
tions by 1985. Tube technology will continue to be used
for high-power applications such as EW jamrners. These
solid-state devices are expected to operate at higher
frequency ranges , higher  e f f i c i e n c y ,  lower noise , and
higher output power . With this trend continuing to the
post—1985 time period , the following parameters are expected
to be available for both manual and automatic fault
detection and isolation :

. Frequency
Output power
Gain
Noise/figure

- 
- • . Intermodulation distortion .
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5.2.4 Seismic Devices

Seismic devices are expected to f i nd wide application
in area protection and target detection and acquisition
systems. The devices will be capable of detecting the
seismic vibrations which result from personnel or vehicular
movemen ts. The dynamic range of these devices wi l l  enable
the data correlat ion equipment associated wi th  the sensors
to distinguish personnel movement from vehicular movement.
These devices will have a direction—sensing capability so
that combining the output of two or more of these sensors
will enable the data col lec t ion/corre la t ion equipment to
pinpoint the location of the source of the vibrations
using t r iangulat ion techniques.

The parametric data available for these devices will
consist of :

Status messages returned in response to status
request messages

. Bit rate

• Parity patterns of output messages

• Output messages generated in response to seismic
input.

The only realistic capability for testing these modules
and devices will be by using ATE . The actual seismic
detector will probably be an analog device; however , an
analog-to-digital converter and probably a simple micro-
processor will be coupled with the device . The entire
module will probably be packaged (potted ) into a single
unit so that the only access to the module will be via the
control/report ing lines or the seismic input sur face .

5.3 TEST EQUIPMENT CAPABILITIES REQUIRED

This subsection discusses projected test equipment
capabilities required to maintain deployed post—1985 C-E
equipment. Requirements identified in this subsection
apply to both stimulus and measurement capabilities since
all the C-E equipment/systems studied include some type of
transmitter and receiver.
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StilTulus/measurement capabilities required to maintain
post-1985 C— E equ ipment f a l l  into four  general  ca tegor ies :

• RF signal  —

Optical /IR
• Digital signal
• Seismic.

The fo l lowing subsections discuss , in general  terms ,
i d e n t i f i e d  requirements for  tes t ing capabi l i t i es  for each
category. Table 5-1 relates specific requirements to each
equipment type described in Section 4, except fo r seismic
detectors.

5.3.1 RF Stimulus/Measurement Requirements S

The need wi l l  exis t  to both generate and monitor RF
signals  at f requencies  up to 100 GHz.  Transmi t te r  output
power over the 1- to l0-GHz band must be measured for
power levels from less than 1 watt  to over 1 Megawatt.
Power measurements from 10 to 100 GHz will be required for
power levels up to 20 kilowatts. Most RF generators and
receivers will use digital transmission . Data rates will
vary from 20 pulses per second to 20 Mb/s.

5.3.2 Optical/IR Stimulus/Measurement Requirements

Optical signals must also be generated and monitored
to test post-1985 C—E equipment. Optical transmitters
used in fiber optics transmission systems will be low
level (<5 mW). The data rates used in fiber optics trans-
mission systems will vary from 100 b/s to potential rates
of 1000 Mb/s. A more reasonable upper limit to bit rates
for military communications systems will be 100 Mb/s.

5.3.3 Digital Signal Stimulus/Measurement Requirements

Testing of di gital equipment wi l l  require the capa-
bility to generate and monitor digi ta l  signals  having
fas ter pulse rates and narrower pulse widths than presently
used . Data rates in excess of 20 Mb/s wi l l  be used ;
d igi ta l  c ircui t  operating rates may extend to 1 G H z .  In
addition , a number of C— E equipment conf igura t ions  w i l l
use signals  wi th  pulse widths  on the order of 1 microsecond
or less. To test spec i f ic  i tems of d ig i ta l  log ic equipment
it wi l l  be necessary to dynamica l ly  generate  specific bit
pat terns  and monitor the c i r cu i t  output bit  pa t te rn . To
isolate faults, several different patterns may be necessary,
depending on circuit complexity. This specific requirement

— 

must be examined for each equipment item .
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TABLE 5-1
Test Capabilities
Requirements Matrix
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The req uiremen t to test d igi tal circuit board s having
embedded m icroprocessors w ill necessitate tha t  ATE have
the capabil ity to dis tinguish  between hardware and sof tware
f a i l ures. Microprocessor hardware failures cannot be
repaired ; software failures can be repaired . If the
sof tware failure is a basic programming error , all f ielded
systems w i l l  requi re a sof twa re upda te to correct the
failure . —

5 . 3 . 4  Seismic S t imulus/Measurement  Requirements

Generally, seismic stimulus/measurement requirements
wi l l  tend towards ca l ib ratei stimulus generat ion . No need
to genera te seismic di sturbances has been ident i f i ed . It
wi l l  be necessary to prec isely measure seismic st imul i ,
however, so that the response of the UUT can be accurately
determined .

Seismic detectors deployed during the 1985-2000 time
frame will be capable of measuring seismic disturbances
having the following characteristics:

• Frequency : 0.1 to lCCO Hz
• Accelerat ion : < 0 . 1  to 100 g
• Directional location : less than 20 degrees arc

Magnitude of dislocation : +0.001 to +1 cm.

The capabil i ty  to generate known seism ic disturbances wi th
this range of cnaracteristics will be required of test
equipment maintaining post-1985 sensor systems.

-

~ 
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6 TEST EQUIPMENT CAP 1\BILIT IES VERSUS REQUIREMENTS

This  sect ion descr ibes the projected test equipment
capability requirements for maintaining C-E equipment
during the 1985-2000 time frame and compares these require-
ments to the test equipment capabilities that are likely
to exist in the absence of any new Government-supported
research and development programs. The areas in which
projected capabilities will meet or exceed requ irements
are discussed f i r st, areas in which  projected capabi l i t ies
will fall short of equipments. —

6.1 TEST EQUIPMENT CAPABILITIES EXPECTED IN 1985-2000

This subsection describes the technical areas and
support ing rationale for determining if projected test
equipment capabilities during 1985-2000 will meet or
exceed the capabilities required to maintain C-E equipment
fielded during this time frame . Overall systems are
discussed f i r s t  followed by detailed discuss ions  of
individual technical areas.

6.1.1 Automatic Test Systems

The Army is already funding an ATE development program
called Electronic Quality Automatic Test Equipment (EQUATE)
Under this  program , several ATE assemblages (AN/USM -4 l0)
have been built by RCA and are being used to support
several Army C-E equipment development programs . The
AN/USM-4 10 is designed for f au l t  isolation, performance ,
and cal ibrat ion test ing on both analog and d ig i t a l  printed
circuit boards , module subassemblies , and assemblies.
The AN / USM — 4 l 0  is designed to test units  varying from
simple power supplies to highly complex C-E equipment .

The design and layout of the AN/USM-4l0 allow the
measurement/stimulus capabil ity to be upgraded as improved
test equipment becomes available. Thus , with a few excep-
t ions , the AN/USM-410 can be expected to satisfy the basic
measurement/stimulus requirements of C-E equipment fielded
between 1985 and 2000. The major exceptions are in the
areas of microprocessor/software verification , optical/I R
tes ting , and seismic sensor testing .
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Exper ience  w i t h  cu r r en t  ATE support  systems for  Army
(
~-~

-
~ equIpmen t  has shown t ha t  an excessive amount of modules

r e t u r n e d  to the depot for  r epa i r  are in good condi t ion .
Before the condition of a module  can be determined , the
depot-level ATE must functionally check the module . To
reduce the unnecessary load on depot-level ATE and to
provide ATE capability at intermediate (direc support)
levels, the Contact and Repair Test Equipment (CARTE)
program has been initiated . The objective of this program
is to provide an easily transp9rtable ATE uri t that has a
processor controlled mainframe providing dedicated maintenance
fun ct ion s to a ty pe of equipment such as net radios , tank
or vehicle automatic equipment , tactical switched communi-
cations, etc. The capability to support a given type of
equipment w i l l  be prov ided throu gh interchangeable plug-in
stimulus/measurement modules and reload able software
packages stored on magnetic tape or plug-in ROM circuit
boards. This program will use available technology and
provide an intermediate capability between equipment BITE

- 

-
. and the full capability ATE such as found in the AN/USM-4l0.

Since the CARTE program is essentially adaptinq current
capabi l ities to f it a par ticular need , the stimulus/measurement
instrument limitations that apply to depot-level ATE also
apply to CARTE .

The TRI—TAC Program is currently considering a nodal
support concept for maintenance of the major TRI-TAC
equipment elements. Under this concept , a maintenance
shelter having ATE capable of supporting the AN/TTC-39 ,
AN/TSQ-lll, AN/TYQ-l6, and TRI-TAC line-of-sight and tropo
radios , etc., will be deployed where a sufficient con-
cen t ra t ion  of equipment j u s t i f i e s  its deployment.  This
concept is not necessar i ly  in conf l i c t  wi th  CARTE since
the required ATE could be the CARTE equipped wi th  the

• appropria te  s t imulus/measurement  modules and sof tware
package and mounted in the shelter. The nodal support
concep t has not yet progressed beyond concept formulation .

6.1.2 Electrical Parameter Testing

Elec t r ica l  parameter testing includes the generation
and measurement of the following elec trical signal
cha rac te r i s t i c s:

Voltage
Current

• Frequency or pulse count ing .

Through the measurement of these parameters , it is possible
to calc ulate values for resis tance , impedance , and time .
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The capabilities of existinq manual and ATE-compatible
test ins trumen ts a l ready exceed the requ irements tha t wi l l
l ike ly  be encountered in new equ ipment fielded during the
1985—2000 time frame . The capability available in manual
test equipment is generally available in ATE-compatible
test ins t rumentation . No new or ex tended req uiremen ts
were identified during this study.

6.1.3 Logic Testing

Logic testing involves generating a sequence of logic
pat te rns  to the UUT , monitoring the output patterns obtained ,
and comparing the UTT-generated logic patterns to the
patter ns which should have been generated in response to
the sequence of input patterns. Logic testing is genera l ly
conducted in two different manners: static and dynamic.

In static testing , a sing le logic pat tern is input to
the c i rcui t  under test, the circuit responds , and the

• output is determined and compared to the correct output.
If the output is incorrect , the output pattern is analyzed
to determine the possible f a u l t  locations. Then , a new
logic pattern is input or manual probing or a combinat ion
of techniques is used to isolate the fault location .

4- Throughout th is  procedure , the logic c ircuitry is being
operated at a rate f a r  below that  at wh ich the circu it ry
normally operates , hence the name static testing .

One critfcism of static testing is that it does not
truly test the operational capabilities of the circuitry.
Many of the faults that develop in logic circuitry are
only ev ident or only occur when the circuitry is opera t ing
at its design s:~eed s . Dyn am ic logic testing attempts to
test logic circuitry under real operating conditions.
Sequences of input logic patterns are generated and outputs
an a l y z e d  at the speeds at wh ich the c i rcu it ry  is des igned
to operate . In complex logic systems , the input patterns
used to stimulate the circuitry under test are often
dependent upon the output patterns generated in response
to previous input patterns. Thus , the tester must be
capable of responding realistically to the circuitry under
test while still recording , compar ing, and generating
logic pa t t e rns  wh ich will enable him to fa ult detect and
isolate the circuitry.
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Technological ly , the test equipment avai lable  ~n the
1985-2000 time frame will be capable of generating ,
recording , and compar ing the requ ired logic patterns to
pe r fo rm both sta tic and dynamic logic testing. The
problem associated with dynami c testing is to develop the
test software package needed to test the logic circuits.
If done manually, th is  is very d i f f i c u l t, and requires
substantial amounts of time from highly  ski l led test
programmers. It is , therefore , very expensive to generate
and val ida te these sof tware  packages.

Some advances in automatic test program generation
(AT PG) have been made recently. Generally, these programs
generate the assoc iated test program by a modi f i ed
trial-and-error method . A known good circuit is connected
to the tester and the tester generates pa t t e rns  and records
the associated outputs. Two problems are associated with
this ATPG approach , the d if f i c u l t i e s  of : (1) de termin ing
tha t the f i rst c i rcui t  board is rea l ly  functioning correctly;

• and (2) being able to introduce a truly comprehensive set
of fa u lts into the circuitry so that the tester can detect
and isolate the faults which will occur in real circuits.
Wh i le real  and s ign i f i can t, these problems do not negate
the bas ic conclusion - the avai lable  ATE wil l  be capable

* of testing the logic circuits that will be used in C-E
equipment fielded during the 1985—2000 time frame .

6.1.4 Waveform Generation

To test the various types of circuits used in C-E
equipment , it is necessary to generate simple and complex
waveforms which include the following types :

Sine
— 

. Square

. Triangle
Ramp

• . Pulse
Gate .

To provide the required waveforms , these waveforms can be
combined through various modulation techniques such as AM ,
FM , sweep, triggered , or gated . The capability to generate
these waveforms exists today in ATE-compatible test

0 instruments. If the need to generate new waveforms is
developed to test new C-E equipment, developing sui table
ATE—compatible waveform generators should be straight-forward ,
since the same circ uitry and techniques used in the prime
equipment would probably be usable in the test instruments.
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6.1.5 RF Generation

The RF generation capability discussed in this sub-
section is the generation of the basic RF signal. The
generation of RF coupled with fast frequency hopp ing or
spread-spectrum techniques is expected to present problems
for future test systems. The impacts of these techniques
on ATE are discussed in Subsection 6.2.1.

The requirement to gener ate RF signals up to 100 GHz
will exist during the 1985—2000 time frame . Current
ATE-compatible RF generators are capable of reaching
40 GHz. Since the technology used in future prime equip-
ment will be available for use in future ATE-compatible RF
genera tors , no problem is foreseen in deve loping the

• required RF generation capability when needed .

The requirement to generate RF signals in the 100- to
l000—GHz range may exist during the 1985—2000 time frame ,
however , the need for  such a capabi l i ty  is unclear . Based
on available information , research effo rts are being
conducted in this region of the spectrum ; nevertheless ,
potential applications for this technology are unknown .
Only minor problems are expected in developing any RF

* generators within this frequency range if the requirement
arises. As with the capability below 100 GHz , any technology
used in the prime equipment will probably be available for
use in the required test equipment.

6.2 PROJECTED DEFICIENCIES IN TEST EQUIPMENT CAPABILITIES

This subsection describes those areas in which the
projected capabilities of test equipment during 1985-2000
are expected to fall short of~ requirements in the absence
of any new Government-supported efforts. This does not
imply that providing the required c ipabilities is techno-
logically impossible. However , current Government and
industry programs will not result in equipment having the
required capabilities since , generally , no current programs
exist to provide the required capability . To provide the
required test stimulus/measurement capability , additional
Government-supported development programs will be needed
in the following areas :

• Fast frequency hopping/spread spectrum
• Optical/IR
• Seismic.

These areas are discussed in greater detail in the following
subsections.
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6.2.1 Fast Frequency Hopping/Spread-Spectrum Stimulus/Measurement
Capability

Wi th the in troduction of SINCGARS as well  as various
new EW systems into the inventory , the ma in tenance  of
equipment that uses frequency-hopping or spread-spectrum
techniques to defeat jamm ing wi l l  be a r e a l i t y .  Overt
jamming has not been encountered in commercial applica tions
and , therefore , industry has no incentive to spend funds
develo’ing ATE-compatible test instruments capable of
testing systems that use fast frequency-hopping or
spread-spectrum techniques. No Government programs have
been iden t i f i ed  which wi l l  lead to development of the
needed ATE—compatible test instruments.

To adequately test systems using frequency-hopping or
spread-spectrum techniques will require processor-controlled
test systems capable of testing embedded microprocessors.
Since these test instruments must be processor controlled ,
the development effort probably should be added to other
ongoing ATE development programs.

6.2.2 Optical/IR Stimulus/Measurement Capability

By 1990, equipment in the field will begin to extensively
use optical and fiber optics technology. The primary use
of these technologies will be to replace bulky or heavy
copper wiring . Thus, much of the internal data transfers
of avionics systems and the inter-shel ter  data t ransmiss ion
at tactical communications nodes will be accomplished over
fiber optics cable.

Currently , no ATE-compatible optical/IR test instru-
ments exist. Some test instruments capable of being used
in the field do exist , but they have been designed to
maintain specific systems and do not have the capabil ity

- 
- to interface ATE. Providing the required ATE capability

to maintain C—E equipment using optical transmission/detection
¶ or fiber optics cable will require ATE-compatible stimulators

and measurement equipment .

Again , since an ATE-compatible capability is des ired ,
a development effort in conjunction with an ongoing ATE
development effort should be funded . The exact capability
to be provided by this generator/me asurement ins trument
will need to be established based on the pr ime equipment
capabilities.
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6 . 2 . 3  Seismic S t i m u l u s/ M e a s u r e m e nt  C a p a b i l i t y

Dur ing  the 1985-2000 t ime f rame , several  new sys tems
tha t  use seismic detectors w i l l  be en t e r i ng  the f i e l d .
U n l i k e  the disposable/nonrecovered se ismic  de tec tors  t h a t
have generally been deployed to date , these detectors w i l l
be reused and deployed in much more sophisticated
systems. Therefore , the c a p a b i l i t y  to measure the per-
formance and maintain these sensors will have to be
establ ished.

Systems us ing  seismic sensors w i l l  have to be m a i n t a i n e d
using ATE because of the systems ’ comp lex ity .  Therefore ,
the s t i m u l u s/m e a s u r e m e n t  c a p a b i l i t y  fo r  seismic sensors
should be ATE-compat ib le .  Aga in , the most  e f f e c t i v e

• development s t ra tegy  would be to fund  an a d d i t i o n a l  e f f o r t
as part of an ongoing ATE program .

One uni que aspect of the seismic s t imu lus/measu remen t
• development effort is that the testing capability require-

ment can be satisfied by developing a calibrated stimulator .
There are no known developmen t effor ts to develop a seismic
generator for  use aga ins t  u n f r i e n d l y  forces ;  the re fo re , to
test the f ie lded  equipment , it is unnecessary  to develop a

* calibrated seismic measurement capability. However , such
a capabi l i ty  may be desirable to ca l ibra te  the ATE—compat ible
seismic stimulator to be developed .
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- This sec t ion  d e s c r i b e s  ( )b s c -r v a t i o n s  and some i n i t i a l
conclusions resulting fi -m th i s s t u dy . These sub jects and
s tudy areas were beyond t h e  scope of this study ; however ,
they should  be s t u d i e d  s in e t h e i r  r e s o l ut i o n  w i l l  a f f e c t
the developme nt of f u t u r e  t est  eq u i pment and the maintenance
procedures for f u t u ru  C — I - ~ •-qui p rmci t.

7.1 REQUIRED USE OF ATF

The use of ATE i n  m a : t i ~~n i n - ~ f u t u r e  C-E e q u i p m e n t
will center on the degree an d  1ev -~ of its use. Maintenance
of future C—E equi pment will tecn irr ATE because of:

• . Equipment  c o m p l e x i ty
Cost of manual maintenance procedures
Volume of equipme~it to be re~-ai re(I .

Current and future C-f-’ equipment and systems are
increasing in complexity, making manual fault detection
and isolation impractical. With LSI technology allowinq
over 10,000 devices to be f— la ced on a s ing le  chip, it is
becoming impossible for an inciividual to detect all but
the grossest leve l of f a u l ts. Fau l t isola ti on is even
more difficult to implement manually. Circuit densities
and complexi t ies  today  are such that functions formerly
r equ i r ing  bays of equi pment  ler  ~~~ lementation are now
accomplished on a s i n g l e  c i r c u i t  bo ard . Also , many  of the
techniques used in today ’ s e qu i p m e n t  -~re o n l y  f e a s i b l e
because of embedded comput ~ -r  r e sources .  T~ computer inter-
face is required to implement mv testinq of these functions
since human responses are not quick enough.

The time , t r a i n i n g , and personnel  costs of u s inq
manual test procedures are related to the equi pment complexity
problem . Extensive traini ng is requir ed to accomp l ish any
manual test procedures on a comp lex cir cui t board . Once
a person has completed this training , hi s pay levels must
reflect a high skill level. With manual test procedures ,
the MTTR for even moderately complex circuit boards averaqes
several hours compared to several mi nutes when automatic
procedures are used . This extra time , coup led wi th the
pay leve l fo r hi gh l y  sk i l l ed techn ici ans , makes manual
testing exceed ing ly expensive .
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The third factor that dictates the use of automatic
testing of future C-E equipment- is the volume of equipment
to be repaired . This volume s- i ll increase. To perform
the required volume of repair , many more hi gh l y  s k i l l e d
technicians and the test equipment to support these
technicians would be required . These technicians are not
available today and are unl ikely to be ava i lable in the
future. Therefore , the only feasible solution to this
problem is automation of the fault detection and isolation
functions.

7.2 MAINTENANCE PHILOSOPHY AND cRGANIZATION
- ____-

The current maintenance philosophy and organization
used to implement that philosophy is as follows :

Organizational suppor t  — basically performed by
equipment operator. Requires the operator to
identif y and replace faulty modules using equip-
ment BITE and ground support equipment (GSE)
suppl ied.

- Intermediate level (direct) support - performed
by trained maintenance technicians. Maintenance
techn i c i ans  troub leshoot equi pment to determine
wh ich submodule is faulty.

• Depot level - the fauit :y submodules are sub-
jected to detailed fault detection and isolation
by high ly  sk il led per son ne l .  When the faulty
component is located , it is repl aced and the
submodule is returned to service.

I
The exact disposition of the f a u l t y  module at any of these
levels depends upon the results of logistic support analyses.
An equipment assemblage will follow this progression if
real maintenance actions can be accomplished at each
level.

With  the introduction of very soph ist icated BITE and
the increased testing speeds of ATE , an intermedia te
maintenance level may no longer be required . It may be
possible to increase the initia l BITE capab ility of the
equipment coupling that capability with increased depot-leve l
ATE availablity , and to elim inate the entire intermediate
maintenance level. Because one maintenance level is
e l imina ted, including the attendan t person nel and equipment ,
the overall maintenance sys tem may be cheaper to support
even though the initial equipment cost may be higher and
some additional personnel and equipment are required at
the depot.
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l’h~- L L e l l d  in terms of c a p a b i l i t y  and c o s t —e f f e c t i v e
u~~ - of resources indicates that a basic change in maintenance
~iy s :~~m and ph i lo sophy  is requi red .
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APPENDIX A

TECHNOLOGY PROJECTION

A .l Introduction

This appendix contains the detailed results of the
technology projections which were used to determine the
performance capabilities likely to be found in future Army
communications-electronics (C-E) equipment. These capabilities
will drive future Army test and diagnostic equipment require-
ments .

A.l.l Objective

The objective of this appendix is to project advances
that can be anticipated in technology areas having a major
impact on Army C-E equipment from the present to the year
2000. The projection data is to be used to forecast the
impact of future technology on metrology requirements to the
year 2000.

A.l.2 Data Presentation

The method used to depict technological progress was to
plot trend curves of the performance level associated with
any given technology area. These trend curves are generally
exponential, as progress seems to follow exponential laws .

Any technological projection is based on the assumption ,
with some historical validation , that technological progress
follows a predictive evolutionary pattern . The postulated
pattern , called a trend curve , depicts the underly ing
trend of performance increases in the technology area. It
is further assumed that the trend will end in only one of
two ways :

A natural physical barrier (such as the speed of
light) will be encountered .

Another technology area (such as the replacement
of the gas lamp with the electric light bulb)
will totally take over.

A-i
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Superimposed on the trend curves are the technical
approaches ( e . g . ,  b ipolar  log ic c i r c u i t s  in the technology
area of large-scale integrated circuits). These technical
approaches form a family of curve s that fall into the
following categories :

• Historical approaches now obsolete

• Current and overtaking approaches that are well
known and of immediate  i n t e re s t

Future approaches , now unknown , the emergen ce of
which is guaranteed by the assumed pat tern .

The technical approach curves are similar in shape
and consist of three readi ly  ident i f i a b l e  regions :

Research and development edge . This leading
edge of the curve is characterized by a steep
slope caused by rapid increases in performance
as the technical approach is brought to maturity .

- Production region. Occurs when the technology
is brought to production , and is characterized
by less dramatic pe rformance increases occurring
over longer periods resulting in a much flatter
slope.

Breakpoint. The point at which the research and
development edge meets the production portion of
the curve . The use of breakpoints as historical
data points for forming trend curves ensures the
use of consi stent , easily iden t i f i ed  data points
in making comparative judgments between techiiical
approaches.

These technical approach curves are exampl i f i ed  in . Figure
A-l. This figure illustrates the three technical approaches
of image intensifiers.

Trend curves can be unrealistic. Present technological
approaches may have a theoretical  l imi t  which is surpassed
by the trend curve . New approaches , however , may obey
d i f f e r ent ph ysical laws and would be constrained to different
limits (e.g., in the l940s , the low power consumption of
today ’s solid-state circuits would have been unforeseen
in that era of vacuum tubes). For this reason , unless
actual physical barriers were found for doing otherwise ,
the trend curves were projected to the year 2000 without
limiting performance levels.
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Because of the lead time necessary to translate
technologies to field-able equi~ ments , and the des ire to
maximize the useful life of any fielded ecuipment , Army
electronic equipmen t in use through the year 2000 will be
using the technologies of 1990 or earlier. Hence , ~or the
purpose of determining metrologv requirements , ~rojections
to 1990 are the most significant.

Not all technology areas could be meaningfuliy ~or tra~ ed
by trend curves. In some areas (such as avionics displays ,
in ~ihich the technologies differ widely and performance
parameters tend to be subjective ) , a more narra tive approach
had to be emcloyed . In other areas (such as solid—state
RF devices)  the available technologies are at or near
theoretical limits and new technologies are so immature
that trend pro jec t ion  is not possible. Acain , a narrative
approach was used and performance oarameters of ~resent
devices were graphically depicted .

A .l.3 Organization

This appendix is organized into two sections , the
introduction and the technology forecasts. The ~ntroductLon
contains the objective and some background material. The
forecast section contains the detailed results of the
technology forecasts for each area.

A .2 Technology Forecasts

Projections were made for technology areas that are
considered critical to the testing and maintenance of
future generations of C-E equipment and systems . Table
A— i lists the specific technology areas considered and the
performance parameters used to describe ca~ abiiity withineach area. Each area , together with the specific results ,
is detailed in the following subsections.

— A.2 .l Army Avionics Display Systems

A .2.l.l General

The basic function of avionics display systems is to
3 visually provide usefully formatted data to the pilot

concerning the aircraft ’ s on-board integrated avionics
system .

1
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- TABLE A- l

- - Technology Areas Considered

Achievement Level/
Subsection Technology Area Performance Parameter

A.2 .l Army Avionics Display Functional capability
Systems

A.2 .2 Image Intensifiers Recognition Range

A.2.3 Large-Scale Integration Chip Complexity
Circuit Density
Function Cst

j Power Consumption

A.2 .4 Digital Voice Coding Functional Capability

A.2 .5 Solid—State RF Generators Functional Capability

A.2.6 Optical Communications Functional Capability

A.2.7 Millimeter Wave Systems Functional Capability

A.2.8 Main Frame Memories Memory Cost
Speed-Access Time
Power consumption
Storage Density

A.2.9 Auxilary Memories Access Time
Mass Memory Cost
Capacity
Storage Density
Data Rates

A .2.lO ADP Displays Functional Capability

A.2.ll Surface Acoustic Wave Functional Capability
Devices

A.2 .12 Switching Functional Capability

- 
- A .2.l3 Frequency Control Functional Capability

Devices
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Functional and technical capability will increase
from single informat ion items displayed on ca thode ray
tubes (C RT ) using discrete component electronics and
analog signa ls , to multiple item presentations on solid—state
displays using LSI circuitry and digital signals. Therefore ,
airborne display systems will become lightweight and
rugged , and wi l l  use minimum power, with  e f f i c i e n t l y
designed pilot/ di splay system interf ace. Modular display
pa nel desi gns will permit universal installations in all
Army aircraft  sys tems. Processor control of the display
will accommodate a wide spect rum of test signal inputs.
The generat ion display system of 2000 will be ab le to
accommodate the low-level flight miss ion prof ile and wide
range of ambient l ight condit ions tha t  w i l l  characterize
the Army av ia t ion  env i ronment .

A.2.l.2 Present Generation

The present generat ion of avion ics d isp lay  systems is
represented by the rapidly obsolesci ng f a m i l y  of a i rborne
display systems comprised of CRTs driven by analog signals
with  associated discrete component cir c u i t r y ,  warning
l ights on the cockpit panel , and other single—item presenta-
tions. Coding is limited to alphanumeric , preformatted
messages or GO/NO GO lamp indications. A limited amount
of graphic display coding is available. The disadvantages
of convent ional CRTs are that they :

Require a high cathode voltage which  is hazardous
to the air  crew

Are not easily ruggedized

. Are difficult to package

Have a r e la t ive ly  short expected life  and
reliability .

Displays using li ght—em itting diodes (LED) are becoming
common. LED5 improve display visibility and reliability.
The ruggedness and low power dissipation of LEDs are well
suited to the rugged helicopter cockpit env ironment . In
compe t i t ion  wi th  the LED, the li qu id crystal disp lay ( LCD )
may also be used .

LEDs are semiconductor diodes designed and constructed
such that visible light is emitted when sufficient voltage
and current are applied to the diode junction . LEDs are

r in commercial production and three colors are available:
red , green , and amber. LEDs are a qood choice for alphanumeric
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displays using a relatively small number of characters.
Practical character size is 3/4” high or less. LED5 have
numerous advantages over CRTs, some of which are :

Ruggedness

High reliability

. Long l i f e

Availability of three colors

Low power

. Low cost

. Low voltage - compatible with LSI logic

High efficiency (100 lumens/watt , compared to 35
lumens/watt for incandescent lights)

- 
- Recent advances in LED displays include the use of

li ght pipes to increase image area and viewing angle of
the display, and pulsing the display using higher peak
power , but at no increase in average power. A pulsed
display is perceived by the human eye as a brighter image.

Future LEDs may not show greatly reduced power con-
sumption since they already are very efficient. However ,
costs can be expected to decrease significantly as produc-
tion quantities increase. The cost of an 8-digit LED
display should be less than $1 by 1980 based on general
microelectronic device costs.

LCDs like LED5, are most suitable for small alphanumeric
displays. These devices do not emit light ; rather , they

: scatter ambient light or light provided by a source within
the display . The device is fabricated by sandwiching a
thin layer of li quid material with crystalline properties
between glass plates upon which transparent electrodes
have been deposited . When a voltage of sufficient magnitude

- - is applied, the crystalline material between the electrodes
becomes misaligned , scattering incident light. This
provides sufficient contrast for a display. The advantages
of LCDs over LEDs are :

Low voltage required - LSI compatible

. Low power - less than 1 milliwatt for eight
digits

Small size

A- 7 
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- Low cost

- Visible in bri gh t ambient light

• Large size display relatively inexpensive .

A.2.l.3 1980 Generation

The 1980 generation will use flat , high resolut ion
CRTs with digi ta l , solid-state display electronics. The
use of color to enhance information content and pilot
comprehens ion wil l  be incorporated in models of this
generation. Large alphanumeric and graphic displays will
be possible . Night vision goggles will interface with the
1980 generation display system .

The f la t -screen CRT provides two basic advantages
over convent ional CRTs :

Thin (2” for an 8½” x6 ” screen)

Digital switching and random scanning capability.

The f l a t—sc reen  CRT uses an area cathode tha t  is the same
size as the phosphor screen. Electrons are emitted from
the entire cathode area and accelerated toward the screen .
The images are controlled by four planes of control elements.
These elements wil l  ei ther block a beam if a negative
voltage is applied or pass it upon application of a
positive voltage. Present prototype units have control
elements which form 512 characters  using a 5x7 dot matrix .
As wi th  conventional CRTs , flat-screen versions require
hi gh acceleration voltages. Production models are expected
to be up to 12 ” square . Multicolor displays will be
possible in later models.

LED displays will be used for instrument readout and
small alphanumeric panels. LCDs will not be used unless
their operating temperature range is extended below the
-20~

’C which limits current versions. Solid-state displays
will not yet be economical enough to replace CRT5 for
large displays with graphic capabilities.

A.2.l.4 1990 Generation

This will be a transition generation before the
advent of processor-controlled , all solid-state displays.
The flat-screen CRT will be replaced by higher peformance
plasma displays. The plasma display is created by trapping
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a flourescing gas (e.g., neon) between two plates of
glass. Electrodes are deposited on the glass plates with

• horizontal lines on one plate, vertical lines on the
other. The gas flouresces at the electrode intersections
when a sufficient voltage is applied between electrodes.
Advantages of plasma displays compared to CRT5 are :

Ruggedness

. Probable longer life

• . No high voltage

- Digital display control (i.e., easily interfaced
with  digital circuitry)

More flexibility for packaging .

Disadvantages of plasma displays include :

• Brightness control more difficult

• Complicated drive circuitry

• Single color only.

The U.S. Air Force plans 1-o use a plasma screen for
displaying alphanumeric data in both the Airborne Warning
and Control System and the Airborne Command Post. The
performance parameters of these displays are :

• Size 12—1/2” x 12—1/2”

. Dot matrix size 1024 x 1024

t . Resolution (lines/inch) 83

Voltages required 140 AC
25 DC

*

- Power consumption
(watts ) (screen &

drive electronics) 200.

Solid-state displays will be employed as in the 1980
generation . Problems with cost and washout under high
ambient light conditions will keep LED readouts from wide
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use . If the low temperature operating range of LCDs is
extended to military limits , they could be used for large
displays in avionics applications. However , th i s  is not
expected to occur .

A.2.l.5 2000 Generation

Generation in 2000 will consist of a completely
solid—state , all—digital display system . Salient features
of this system could be expected to include :

- High visib i l i t y  over a wide r’ange of ambient
light conditions (starlight to sunlight)

. Digital display addressing techniques which will
permit  a single d isp lay  subsystem to d isp lay  a
wide variety of inputs

. Lower power consumption

- Solid-state processor with moderate memory
capacity , i.e., 16K through 32K characters

• High resolution

• Common instrumentation module that will be
universal to all Army aircraft with add-on
modules to accommodate special mission require-
ments

• Large screen display.

A.2.2 Image Intensifiers

Image intensifiers provide amplification of low-level
• ambient light . Their major applications are night vision

gogg les , starlight scopes , and crew-served weapons sights.
The performance parameter used to represent the growth of
the technology is recognition range. This is defined as
the distance over which the device operator can obtain a
positive indication of the general nature of a target.

* Because of the importance of the parameter , recognition
range measurement capabil ity w ill be required of future
metrology systems .

To provide better performance, future image intensifiers
will operate at a longer waveler~gth , (i.e., from 0.9 to 2

r microns) , with extended spectral response to maximize
usage of the available radiation . This will allow objects
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k
at lower temperatures to be more visible in future devices.
The ac tua l  na ture  of image i n t e n s i f i e r  technology beyond
1985 is unknown . It is expected , however , that the current
trend of performance improvement will continue . Figure A-l
(prev iously presented) and Figures A-2 and A-3 describe
the projections to the year 2000 of the three major applica-
t ions, (i.e., goggles , starl ight scopes , and crew—served
weapons s ights , respectively) . Table A-2 describes the
key parameters which distinguish present and future genera-
t ions , and indicates the d i s t inct ions between gogg les ,
s tar light scopes , and crew-served weapons sights. The

- 
- 

generat ions are de f ined  as fo l lows :

• Second (present) - uses evaporated photo cathode
and includes inventory  items such as:

- AN/PVS-5 , Night  Vis ion  Goggles
- AN/TVS-5 , Crew-Served Weapon S~ qht
- AN/PVS-4, Small Starlight Scope.

• Third - wi l l  use ga l l ium arsenide photo cathode
and extend the operat ing wavelength , i . e . ,  1.06
pm intensifiers.

Fourth extends the operating wavelength to the
1-2 pm region . Transferred electron and tunnel
emitter cathode will be employed .

A.2.3 Large-Scale Integration

A.2 .3.l General

The term large-scale integra t ion  (L S I )  r e f e r s  to
- 

- semiconductor integrated circuits that have 500 or more
components on a single monolithic chip. LSI technology
can place as many as 106 components on a single chip
measuring 300 mils on a side .

LSI chips are batch fabricated on silicon substrates
using several steps of masking , etching , ion diffusion ,
and vacuum deposition of semiconducting, insu la t ing , and
conducting materials.

Circuits are fabricated using large masks which are
photoreduced to the proper size. The reduction process
restricts the achievable component density but is not the
most serious limitation . The etching process involves the
use of photoresist exposed to ultraviolet light throuqh
the mask. The minimum achievable spot size using an

A-il
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TABLE A -2
Key Parameters of Inage

Intensifier Devices
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ultraviolet beam is on the order of 5O00~~. A further
improvement in density is possible using electron beams
which can be focused to a spot size of 500A.

An additional impediment to achieving high densities
is the diffusion of ions in unwanted directions. Increased
line spacing is required because spreading occurs perpendicu lar
to the line being formed . Ion beam deposition shows
promise here , but more research is needed . The development
of electron beam photolithographic techniques (circa
1986—90) will permit resolutions of b o A  in LSI arrays.

LSI techniques can be employed on many technologies.
Figure A-4, adopted from a chart by Dr. B. Dunbridge , is a
graphic presentation of these technologies. These are
categorized by substrate , device type , and circuit  forms.
Bipolar devices employ NPN or PNP junction transistors in
integrated form. These are basically current—controlled
devices. Metal-oxide-semiconductor (MOS) devices depend
on field effects and are basically voltage-controlled
devices. Charge-coupled devices (CCD) use MOS-type
fabrication to form MOS capacitors. They are not active
devices and require fewer elements. CCDs can be constructed
entirely on the surface of the substrate allowing higher
component densities then those achievable with MOS technology.

Other than the choice of LSI technology , the designer
has to choose between various circuit forms which offer
advantages that must be considered for the intended applica-
tion. The circuit forms include :

Transisor—transistor logic (TTL)

• Emitter-coupled logic (ECL)

Diode—transistor logic (DTL)

• Emitter—follower logic (EFL)

P-channel MOS (PMOS)

• N-channel MOS (NMOS)

Complimentary MOS (CMOS).

LSI devices decrease equipment costs. These savings
are realized through the fabrication of many circuit
functions on a single piece of substrate and fabricating
many identical circuits during a single production run .

A-i 5
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FIGURE A-4 -

Types Of LSI Technology

Substrate Silicon Sapphire
Material

_ _ _ _ _ _  

I

Device
Type Bipolar CCD MOS —

Circuit —TTL -

Forms 
-

__ECL — PMOS — Surface — CMOS

DTL — NMOS 
— 

Buried — Others -

—EFL — CMOS -

—Others

b -
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Substrate and fabrication costs are relatively constant ,
hence cost reductions per circuit function are real ized by
inc reas ing  c i rcu i t  dens i ty  and m a n u f a c t u r i n g  y i e ld .
Si g n i f i c a n t  oppor tuni tes  for  improvement exist  in both
areas.

Th4~ four performance parameters selected to portray
the trends in LS I technology are :

Circuit density (bit/in2)

• Circuit complexity (gates/chip)

- Function cost (cents/bit)

Power consumption (mW/bi t )  for  c i rcu i t s  wi th
speeds of 1-10 MHz.

These parameters are the most cr itical when considering
2he size, power , and cost reductions that will eventually
t ranslate into correspondingly improved Army C-E equipment.
Chip complex ity , circuit density , and power consumption - 

-

will have a significant impact on metrobogy . These para-
meters are described in the following subsections.

A .2.3.2 Circuit Density (bits/in 2)

Component density and economical chip size determine
the number of components per LSI chip. Figure A— 5 shows
the density trends for  various LSI technologies.  Bipolar
density is less than NMOS/PMOS density because the junc-
tion formation requires more area. CMOS requires two
active devices per gate and thus is half as dense as
either PMOS or NMOS . The use of an insulating sapphire
substrate for CMOS/SOS allows greater density than CMOS or
bipolar . CCD density is more than twice that of PMOS or
NMOS because of the simpler structure involved . Bipolar
integrated injection logic (I2L ) ,  a recent addition to the
LSI family, is also shown .

The ECOM long-range goal for chip density is l07bits/ in2.
It is anticipated that C-E equipments fielded up to the
year 2000 will employ LSI circuitry of this density. For

• planning metrobogy requirements during this time frame , a
chip density parameter value of ~~~ to 108 bits/ in2 will
have to be measured .

A-- 17 
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4. A .2.3.3 Chip Complexity (Gates/Chip)

Larger chip sizes coupled with greater circuit density
produce LSI chips with more components. Figure A-6
shows the trends in chip complexity in terms of gates per
chip. Before 1980, it will be possible to place up to
100,000 gates on a single NMOS or PMOS chip. Future CCD
chips may contain a million gates. In the future , chip
complexity will be limited primarily by the market for~~such complex electronics , rather than by technology . The
level of functional capacity afforded by advancing LSI
technology will exceed user requirements by the year 2000.
It is expected that resources will not be expended in
advancing the state—of—the-art much beyond the 1980
achievement levels.

i c
The complexity of a chip is governed by three factors :

Dimension reduction
Dio and wafer size

. Device and circuit cleverness.

Device dimensions are expected to decrease at their present
rate of 0.62 pm per year. The contribution from increased
wafer size is also expected to grow at the present rate ,

— 
doubling every 16 months. The contribution from circuit
or device cleverness is expected to taper off as theoretical
limits dictated by the atomic structure of matter are
approached . However , new technical approaches governed by
different physical laws may act to drive this upper limit
well beyond the 1/4 billion functions per chip predicted
for  current  approaches.

A .2.3.4 Function Cost (Cents/Bit)

Since manufacturing costs are determined primarily by
mater ia l  costs, the increasing densities of LSI devices
result in decreasing cost per function. A slight increase
in manufacturing cos ts resulting from increased circuit
density is offset by an increase in manufacturing yield .
Figure A—7 indicates the trends in LSI function cost.
NMOS and PMOS are the cheapest devices , and will remain
cheaper than bipolar and CMOS . Cost estimates for CMOS/SOS
chips were unavailable ; however , the sapphire substrate
costs 10 times more than silicon . If , as predicted , SOS
yields are higher than MOS , this cost difference can be
reduced or even eliminated . CMOS and CCD costs are
decreasing very rapidly because these are relatively new
technologies and rapid improvements can be expected .
Eventually, CCD costs will drop until they are less than
PMOS/NMOS costs by a factor of five or more .
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A.2. 3.5 POW -r Consumpt ion  (Milliwatts/Bjt)

FL ~ure  A-8 shows power consumpt ion  t rends  for  r e l a t i v e l y
low—speed (1 to 10 M H z )  c i rcuitry .  CMOS and CMOS/SOS use
very little power in the s tandby mode . CCD devices have
inherentl y low power consumption , even at r e l a t i ve ly  h igh
speeds.

The reduction in power consumption can be expected to
result in equipment cost savings of millions of dollars

- ‘ based on cost reductions anticipated in the number or
capacity of primary and secondary batteries used for power
sources alone .

The ECOM long-range goal (circa 1985) for linear IC
power consumption for use in por table communicat ions equipment

- - is an order of magnitude reduction from 1974 power levels.

A .2.4 Digital Voice Coding

A .2 .4 . l  General

Digital tr ansmiss ion has an inherent advantage over
analog transmission . The d ig i t a l  s iqna l  can be regenerated
wi th a very low error rate and almost no distortion. An
analog repeater always add s some noise to the signal , hence
the total transmission length is l imited by the receiver
signal-to—noise ratio. The regenerative properties of
digital signals can be used to advantage in reducing
crosstalk and interference. Digital signals also lend
themselves to security coding techniques.

For voice transmiss ion , these advantages are partially
o f f s e t by the increase in bandwidth required for t ransmiss ion.
Two basic method s exist for transforming analog voice
signals to digital signals:

To provide a dig ital representa t ion  of the
analog waveform (e.g., PCM , CVSD)

To ex tract the intelligence from the waveform
and transmit only that portion (e.g., vocoders ,
l inear predictive coding)

Great promise for bandwidth reduction exists in the second
me thod . Theoret ica l  cons ider at ions  indicate  tha t  a transm iss ion
rate of less than 100 b/s is all that is necessary for the
human voice. However , gain s ach ieved by e l im ina t i ng all
redunda nt da ta f rom the waveform woul d be o f f s e t  by the
error control which would then be required . Transmissions

L~~~~tL1~~~~~ -
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-
~~~- t  ~- -a- anr- ers t )  achiave hi-d~ ‘o i co  - -nility anc ~

r L -(~4- I I I  I ~~u w - u ld  r-~- i u i r a  mor - - b a n ek L d t h  t h a n  ~- Ql 1 ld  ‘r ~j s mi s s i on
~ha ha ir i ! i t - -- - r :na~

k-~ c-~ n~ ~ rOq~~~ISs  i i i  the r i - d - n - t i o n  of hundwi uth is
o c ’ n r -  nq vr~ a-a I t:wo parallel h - v - J  pments advances
III c~ i i i i - 4  t l i- l u e l l  and ad v a nc e s  in  L~~I t ech rio l e qy .  irl tI1i1
t or i a e r ar e a .  - 1l ~-aI code m o du l a t i o n  ( PC!-~) and co nt in o u slv
n a u i  ib I c  s i  d e l ta  (I 1’VSD) m o d u l a t i o n  -e c hn i ques c u r r e n t ly

I I . ~~~ w~ 11 -~ I ‘ i- a w a :  to a n a ly s i s/ syn t h e s i s  t e c h ni - i n - as  au d i
a i -  ~~1 n a I I  I - ! - - Hctive coding. Analysis/synthesis uses
}) li (iiat - on : ; - - i i thin s which require r-~~~tivel~’ sophisticated
Ih,1 t~~~ ~-r  n- i s i - - i .  2urrcnt  equ ipmen t  is c o r r e s p o n d i n g l y
Hirer . r- - an-es made in LSI technology and the advent ~ f 

at.er ch il l s will allow analysis/synthesis equipment
to H- s m a l l c - r , li h i t - -r , cheaper , and less power consuminq .

\ -e-~~ ire currently in use and have been used fir
i n - -  - T -resentl y oper ate at bit rates as low as

• 2~~~00 i- / s. idiry ach i e ve i n q  only  poor voice  q u a l i t y ,  hence ,
; I - ~~ 3 k -  r 1-~ a n - q r -ii t ion is poor .  R e s e a r c h  is c o n t i n u i n g ,

ho~ - - - - - -r , ~ied the \~ will be competing with linear predict ive
t n y O H r S  ~oi: i so  in m i l it a r y  c o m m u n i c a t i o n  s y s t e m s  i n  the
l~~80s .

:- .2.4..~ Forcra~its

V i - T h  I\_9 shows p r o j e c t e d  bit rates for military
~i L t i V o i C O  n a nmun i c a t ion s  sy s te m s .  Dig ital voice
II:-dI nu 1 —l hoIIi id S operat ing at bit rates as low as 2400 h/s
flavr) ad cea-i - , hr-r n satisfactorily demonstrated in the
I~~h or~it o r y .  [-lowever , t he i r  p e r f o r m a n c e  is unproven i n  a
real co:ona idaations e n v i r o n m e n t .  C u r r e n t  equ i pment  is the
S i z e  of a st a n d a r d  m i n i c o mp u t e r , whereas  p r a c t i c a l  o p er a t i o n

f .. re-~ u t r  a a ~n~iller , cheaper  p r o c e s s o r .  The rapid adv:u -ir - c
o f  HI t o f  io -j ’ .- will aid in reducing processor size.

~~~~ rna~~ - - ~~; of the date of availability for practical
- n -i .  — nidel y. Table A — 3  gives cost , power , and

estimatad a-n i  ilability dates for laboratory protot ypes of
s if lr  ha- a : I a nrI c j  d i Ij ] t al  voice coders u s inq  p r e d i c t i v e  

(~~~ } I j J  n-~ w ith v ar i o u s  o u t p u t  bit rates. Voi ce qual itv

~- i i H  ‘a ir 1’, hut the 1980 “c-rsions should be equivalent to
- - - ,jr~~ir- r v r is ion s — I t  twice the bit rate . The c- -st figure

1 T I  I - n - a  (i- a I ’  the ana1og/d i~~ital conversion components.‘1hi .~r i -  V O l  5 a I l S  will events—i I ly appear operati onal lv Ln
I o m mu n i c a t i o n s  systems (see Fioure A — 9 )
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TABLE A-3
Future of Digital Voice Coding
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A.2.5 Solid-State RF Generators

A .2.5.l General

By the 1985—2000 time frame , solid—state RF qenerators
will have replaced such tube-type devices as the klystron
and traveling wave tube for most applications. The types
of solid-state devices ava ilable are t r a n s istors and
two-terminal devices. Figure A-b indicates the practical
frequency range of these devices.

Transistors are of two types: field-effect and
bi polar ( j u n c t i o n ) . There are two types of two-terminal
devices: those using t r ans fe r red  electron e f f e c t s , and
those using avalanche e f f e c t s.

Trend curves were not prepared for this section
because current technological approaches to solid—state
RE generators  are at or near theoretical limits. New
solutions to micro— and mi ll imeter wave genera t ing dev ices
are coming from other technology areas (e.g., mase rs which
are an extension of lasers down into the microwave spectrum ,
and sophisticated techniques using gas plasmas) . The
forecast is thus narrative , with examples of current
technology performance provided .

A .2.5.2 Bipolar Devices

Bipolar t rans is tors  are present ly  l imited to operat ion
below 4 GHz.  This should be extended to 6 or even 8 GHz
by 1980. Since the average power output of a transistor
varies inversely with the square of the operating frequency,
it is usefu l  to def ine  a performance parameter of wa t t s-GHz 2 .
In 1966 , the average value of the parameter was 5 watts-GHz2;
today, it is 100 watts-GH z 2 . The estimated theoretical
limit is 2400 watts—GHz2. Fiqure A— ll plots the trends in
this parameter. The ECOM long-range objective (circa
1985) for  UHF t r ans i s to r  power is a 40—time increase from
1974 levels. Performance trends indicate that this achieve-
ment is possible . Typical 1974 and anticipated 1980
bipolar transistor characteristics are as follows :

1974 1975

Maximum operating frequency (GHz) 4 6-8

Maximum power output (average watts)
(at maximum frequ- ncy) 5 6-8

— 

Efficiency (at maximum frequency) 30% 40%
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FIGURE A-b
Frequency Ranges of Solid-State

RF Devices ( 1976 and 1980)

N

0 ~~~ a, ~
0 C) C)

S S

1-1 1.4
0 0

4-4 4-4
I-i ~-4
W a )

.0 0
N SI

I
C.—

0~~ 
— —

a)

-‘4
a _ s  E’

- - 4 5  -~
-,b.

A—28

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. 

~
_ _ _I_~ff: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _

~~~~~~~



~~~~~~~~~~
- - -

~~~~~~~~~
- - 

_

FIGURE A-il
Power Transistor
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Notes: 1) Power transistor development for M.~/GRC-103

(a) 25 watt s
(b) 10 dB gain
(c)  1.35 — 1.85 GHz
(d) 60% collector efficiency (see Figure A—l2)

2) Power transistor requirement for AN/GRC—144

(a) 100 watts
( b )  4 . 5  — 5.0 GHz
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A .2.5.3 Field—Effect Transistors

Because of i ts  compact geometry, the field-effect
trans istor (FE T) can opera te e f f i c ien t l y  at higher f requencies
than bipolar transistors. As shown in Figure A—b , the i r
current operative l imit (wh ich is below 10 GH z )  will be
extended to 15 GHz by 1980. At 15 GHz , a power FET should
provide a b -wa t t  output  w i t h  a 35-percent e f f i c i e n c y .  The
power fre9uency parameter of this transistor would be 225
watts-GHz 2 . FETs are expected to f i nd l imited appl icat ion
in transmitters and considerable application in microwave
and millimeter—wave receivers.

A.2.5.4 Gunn and Transferred Electron Devices

Gunns and tran sfe r red electron dev ices ( TED) are the
simplest solid—state microwave and millimeter wave devices
and ,therefore , their technology is the most mature . They
are quieter than impact avalanche and transit time (IMPATT)
or trapped plasma and avalar.che transit time (TRAPATT)
devices but operate w ith lower efficiency and output
power. In transmitters , they can be used as oscillators
driving an IMPATT power amplifier. Gunn diodes and TEDs
will be used extensively in millimeter-wave receivers.
The present power and efficiency are shown in Figure
A—b2. Because the technology , is mat ure , great performance
increases are not expected .

A.2.5.5 IMPATT Diodes

IMPATT diodes are capable of higher output power and
greater ef f iciency at higher operating frequencies than
prev iously discussed devices. They are noiser than t rans i s to rs
or TEDs , but quieter  than TRAPATTs. IMPATTs are a good
compromise between low-power , quiet devices and high-power ,
noisey devices. They are capable of reasonable output
power at mi l l imete r  f requencies  ( i . e . ,  1 watt  at 10—100
G H z ) .  F igure  A—b3 shows the power achieved by several
devices (shown as dots) as a function of frequency . The
dashed l ine indicates  the calculated thermal l imi ts  to
IMPATT output power. As can be seen from the figure ,
operat ion below 10 and above 60 GHz is already near
theoretical limits. Improvements can be made in the
10-60 GHz range and it is l ike ly  th i s  wi l l  be achieved by
1980.
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FIGURE A- 12
Per formance  of  Gunn a n d

Transferred Electron Devices

160 _______________________________________________________
4

l40 .

• 1 2 0 - -  \
\ 

- -3

100 - - Efficiency

8
8 0 - -  2 ~~‘$-i Power

0 C)6 0 - -  -‘4
4-1

40 - -l

2:~~~ 

I I I
30.0 40.0 50.0 60.0 70.0 80.0

Frequency (GHz)

A-3b

-— ~~~~~ -~~- -~~~--- ---~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~-~~~~~- - -- ~~~~~~~~~~~~~~~~~~ -~~~~~~

FIGURE A-l 3
Average Power Versus Operating

Frequency of IMPATTs
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TMPATT diodes are expected to become significantly
more e f f i c i e nt .  F igure  A — l 4  shows e f f i c i e n c y  versus
oper ating f requency fo r present and fu ture devices.  The
large improvement in efficiency is a result of the read—type
IMPATT diode. Experimental models of these have already
demonstra ted  the e f f i c i e n c y  shown . P rac t i ca l  read-type
IMPATTS will be produced by 1980.

A.2.5 .6 TRAPATT Diodes

The TRAPATT diode is a high-power , hi g h - e f f i c i e n c y
device. A maximum pulsed power of 1.2 kW has been achieved
at 1.1 GHz w i th  f ive  diodes in series.  The power and
efficiency of several TRAPATT diodes are plotted in Figure
A—l 5.

Peak power outputs range from hundreds of watts at
L-band ( 0 . 4 — 1 . 5  GHz)  to tenths  of a wat t  at X-band
( 5 . 2 — 8 . 5  G H z ) .  Typical  e f f i c i e n c i e s  are 60 percent at

• L-band and 30 percent at X-band . TRAPATT amplifiers
provide much higher pulsed-power outputs than any other
type of diode microwave amplifier. However , they are

• highly non—linear and have very poor noise figures.
Bandwidths achievable are also narrow . Because of these
lim i ta t ions, TRAPATT diodes are not expected to find much
use in communicat ions systems.

A.2.5 .7 Barrier Injection Transmit Time Devices

Barrier injection transit time (BARITT) devices are
the newest of the act ive m icrowave devices but potent i a l l y
the most cost- and performance-effective . They are quieter
than IMPATTs and easily fabricated using silicon technology,
but they are limited in output power and bandwidth.
Further research is needed to evaluate the potential of
BAR ITTs for f u t ure applications.

A . 2 . 6  Optical Communica t ions

A.2.6.l General

- 
- 

W i t h  the advent of advances in laser technology ,
low-boss optical fibers , semic onductor optical sources and
detectors, and electro-optic signal devices , optical
communica t ions  is now a p r ac t i ca l  goal. Bandwidths from
100 MHz to over 1 GHz are possible . Optical communications
can be established either ove r an atmos pher ic path or
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F IGURE A- l4
IMPATT Power E f f i c i e n c y

Versus Operating Efficiency
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through f iber  optics t ransmiss ion  lines. The former
method requires h igh— power laser transmitters , the lat ter
some type of drive mechanism which could be a laser or an
LED.

A .2.6.2 Lasers

Problems associated wi th  using lasers for communications
app l ica t ions  have included low duty cycle operation per-
mitting only a limited information rate , and bow performance
detectors. Recent advances in technology have made laser
communications a practical alternative . These advances
include : hi gh average power gas lasers (CO , C O 2 ) ;  so l id—sta te
lasers;  electro-optic modulators; silicon avalanche photodiode
detectors; HgCdTe far-infrared detectors; and infrared-sensitive
photomu l t ipl iers.  Several experimental  mi l i t a ry  systems
are presen t ly  being bui l t  or tested . These may well  be in
field use in 3 years .  Table A—4 indicates the performance
of two systems being developed by ECOM .

TABLE A-4
ECOM Laser Communicat ions System Developments

Bit Rate 200 kb/s 5 Mb/s

wavelength(iim) 0.904 10.6

Laser Gas sobid-state Co2 gas

Bit Error Rate io 6 10 6

Range (km) 3 8

Receiver Avalanche photodiode Optical Ileterodyning

Power Consumption (W) 10 600

weight (lbs.) 10 121

Size (inches) 7x7x7~ 25x30x6

Newer laser technology wi l l  allow systems to be much
smaller wi thout  s ac r i f i c ing  performance . Present and 1980
versions of the 5-Mb/s system are as fol lows :

Present 1980

Size ( inches) 25x30x 12 lOxlOxl2
Weight ( lbs .)  120 60
Power Consumption (W) E0O 200

- 
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Prac tical methods for stabi liz i ng baser mounting
platforms to minimize misalignment , plus improved output
power and bandwidth , will be available by 1980.

Another important area will be tunable infrared (IR)
lasers. Since atmospheric absorbtion fluctuates over a
wide range with small changes in wavelength , a tunable
baser could be tuned to the wavelength of minimum absortion
for the time of transmission . These systems would use
either CO or CO2 excited Raman resonator lasers. Projected
performance of these systems is listed in Table A-5.

Table A-5
Post-1980 Tunable IR

Parameters 
— 

CO Laser CO2 Laser

Input Excitation 2 .5  w 10 kW

Output Tuning Range ( tim) 5 . 4 — 6 . 2  10— 11

p Output Power 1 w 1 kW

Frequency Stability ( H z )  1 1

A .2.6.3 Fiber Optics

An optical fiber is a thin filament of optically
transparent material which conducts light energy along the
length of the filament. Optical fibers typically have a
central core surrounded by a cladding of material with a
bower index of refraction through the core. This tends to
keep the light energy confined to this core. Because

— 
fibers have a tendency to break , a fiber optics cable
consisting of several individual fibers is often used .
This is advantageous in interfacing with a bight source
which is t yp i ca l l y  larger than 3 mibs. Many f ibers  in a
cable cause problems as a result of modal dispersion and
differential fiber length .

Light propagating through the various possible paths
in the multiplier cable produces transverse interference
patterns which produce optical modes. The optical modes
have different group velocities and thus cause a pulse
transmitted through the cable to become broadened as a
result of the bate arrival of light energy from modes with
slower group velocities. This effect is known as modal
dispersion . The pulse broadening effect reduces the
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informa tion capacity of the cable. The differing lengths
of the f i be r s  compr i s ing  the cable result in d i f f e r e n t
lengths of propagation paths for the signal , again causing
interference which reduces capacity .

Use of a single small fiber with only one propagation
mode eliminates these problems. However , coupling to the
fiber is a severe problem . Cable designs are being developed
which substantially reduce modal dispersion by using
graded-index fibers. These serve to continually refocus
the energy along the fiber core. Great reductions in
impurity levels have also been achieved . This , coupled
w ith improved bi ght sources , modulators , and detectors has
made fiber optics communications practical.

Despite the current relatively high cost of fiber
optics cable systems , they have uni que proper ties of
significant benefit to military communications systems.
While laser beams are difficult to intercept , fiber optics
cables offer more security because of ease of detection of
attempted fiber penetration . Also, there no signal leakage
is detectable outside the cable jacket.

Fiber optics are better than lasers because line-of-sight
visual contact is unnecessary and they are not affected by
atmospheric attenuation. The advantages of fiber optics
systems over electrical transmission lines are:

Electromagnetic interference and crosstalk
immunity

Security - no signal radiation from fibers

- Electrical isolation of transmitter and receiver

. Large bandwidth

- Small diameter and weight

- High temperature tolerance (500-l000~ C)

Nuclear radiation resistance .

The disadvantages of fiber optics systems over electrical
transmission lines are :

High cost of low-loss fiber optics cables

Present higher cost of terminals

• Tendency of fibers to break .

A- 38
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Progress is being made in reducing attenuation. The
improvement trend in state-of-the-art single-fiber optical
cables is shown in Figure A—l6. The theoretical limit
resulting from intrinsic (molecular) scattering is shown
in Figure A-b7. As indicated in the figure , th is  l imi t
varies with wavelength. Laboratory model optical fibers
have already approached the theoretical limit of attenuation .
Future improvements appear to be in cost rather than in
decreased attenuation for these high-performance fibers.
Low—loss fibers can be expected to decrease in cost by a
factor of four or more by 1978. Optical cables can be
expected to replace 26—pair and PCM cables by 1980.
Figure A—b 8 indicates cost—reduction projections for
low-loss fiber optics cables. Costs of these cables in
1985 will largely determine the inventory of fiber optics
cable in the year 2000.

The development of practical fiber optics communications
systems is also dependent on optical terminals , which
provide the necessary conversion of the signal energy into
li ght for transmission through the optical cables. In the
first fiber optics systems , discrete components wil l  be
used but these will be quickly replaced with integrated
optics which will provide single-mode optical waveguides ,
optical switching , signal multiplexing, and network couplers.
The devices involved in the forecast are listed in Table
A-6.

TABLE A-6
Devices for Fiber Optics Communication

Light Sources

• LEDs

- Semiconductor injection lasers
Other lasers

Light Detectors

- Silicon photodiode (PIN) detectors
- Silicon avalanche photodiodes
- Photomultipliers

Integrated Optics Functions

- Switching
4 . Coupling

- Multiplexing
• Modulation .
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FIGURE A-l6
Attenuation Versus Year
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LEDs were used initially for bight sources in fiber

optics communications systems. LEDs are readily available
and are very reliable. Output light intensity varies
linearly with driving current making LED bight sources
easy to modulate . However , efficient coupling to optical
cables is impossible because of the wide emission angles
of LEDs , and is a serious disadvantage . This limits the
information rate achievable. Present technology has
reached a bandwidth of about 200 MHz , although 50 to 100
MHz is more common . Characteristics of commerically
available LED5 are listed in Table A-7.

TABLE A-7
Range of Characteristics of Commercially Available LED5

Characteristic Range

Light Output Power (mW) 0.3 to 40

Peak Wavelength (m) 0.9 to 0.93

Spectral Halfwidth (m) 0.04 to 0.05

Rise Time (ns) 1 to 300

Price ($) 5 to 400

Efficiency (%) Typically 10

Mean Time Between Failures Very long (i.e., many years)

Maximum Modulation Rate (MH z) 1 to 200

LED performance is not expected to improve greatly .
Prices will be dropping significantly as the production —

volume of tEDs increases. The availability , reliability,
relatively low cost, and small size of LEDs will keep them
in a significant role in fiber optics communications for
many years. Their low information rate capabilities ,
however , will eventually cause other devices , their replace- -

ment by particularly semiconductor lasers.

The coherent properties of laser emisssion solve some
of the coupling and information rate problems of LEDs .
The problems which must be solved with semiconductor
lasers are low duty cycle operation and the need for
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cryogenic cooling . Experimental room—temperature semiconductor
lasers have been operated in a Continuous mode . Practical
versions of these laboratory models will be produced by
1978. Table A-8 gives the characteristics of these laboratory
lasers.

TABLE A-8
Laser Sources for Fiber Optics Communication

Maximum Data
Type Rate (Mb/s) CW Output Power (watts)

Injection 5—100 15
CS Injection 1000 0.1
Mode-Locked ND: YAG 500 0.175

Detectors for fiber optics that show promise are
silicon PIN photodiodes , silicon avalanche photodiodes,
and vacuum tube photomultipliers. No dramatic increases
in performance are expected for any of these devices.
Avalanche photodiodes have internal gain and are thus more
sensitive than PIN photodiode but are much more costly.
Photomultiplier tubes are also more sensitive and more
costly. Table A-9 compares these devices in terms of
noise equivalent  power , rise time , and price .

TABLE A-9
Characteristics of Fiber Ootics Detectors

Noise Equivalent Power Rise Time Price
- 

- Type (W/Hz) (ns) ($)
_________________________ _________________________________ ______________ ________

PIN Photodiode 1Q
13 5 5

14Avalanche 10- 1 90
Photod lode 

15
Photomultiplier 5 x 10 2.9 400

A .2.6.4 Integrated Optics

Integrated optics are a new development. These use
thin-film techniques to deposit optically transparent
materials on an opaque substrate . These films are so thin
that only a single mode of light propagation is possible.
These are essentially optical waveguides. Since bess
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interfer3nce is possible with single-mode propagation ,
information rates can be greatly increased (bandwidths up
to 10 G H z )  - Elect r ica l  signals applied to electrodes
control the propagation . Besides the obvious applications
of sources and detectors , integrated optical circuits
(b c) can be used as modulators , multipbexers , access
couplers , and multipole switches. This last function is
accomplished using two or more IOC waveguides close
together and causing li ght energy to “switch ” from one to
the other by applying the proper voltage to the surface
electrodes. As an example of this technique , it is expected
that a switching network with a 20 x 20 matrix will f it in
a 2—cm 2 chip with switching speeds of 1 ns and attenuation
of 1 dB/cm. Present and future IOC performance is compared
in Table A-lO.

TABLE A-lO
Comparison of Present Components Versus Projected

IOC Performance

Projected IOC
Present (1978—1980)

* MULTIPOLE SWITCHING

—3 —9
Speed 10 sec 10 sec
Number of Poles 8 128

CARRIER-FREQUENCY MULTIPLEXING

Number of Frequencies 5 50
Loss 5 dB 0.5 dB

ACCESS COUPLERS

Loss 3 dB 0.5 dB
Number of Term inals
Without Repeater 13 50

A.2 .7 Millimeter Wave Systems

An increase in transmission frequency provides an
increase in bandwidth and a corresponding increase in channel 

-

capacity. Large bandwidths are possible at frequencies
having mill imeter wavelengths, however , higher attenuation
in a clear atmosphere and poor performance in rain dictate
relatively close repeater spacing (1-10 km). Figure A-19
shows atmospheric attenuation versus frequency ; Figure
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A-20 shows attenuation caused by rain for millimeter
wavelengths. The development of c o m c o n ent s  f o r  millimeter
wave transm ission has lagged behind the develooment of
microwave comPonents. Close rePeater spacing is c u r r e n t l y
uneconomical because of high component cost. Solid-state
devices promise to decrease component costs signific-~- ~ ly
and thus make terres trial millime ter wave transmissio n
economically feasible. Repeaters will probably consist of
-a Gunn diode or TED receiver , and an I~’1PATT transmitter
(see Subsection A.2.6 ) - Signal-processing circuitry (such
as f i l t e r s, waveguides , power solitters , circulators ,
etc.) will be produced using Ic technology . This shou d
reduce the cost of components to a fraction of present
microwave components .

Satellite communications l i n k s  can use millimeter
wave transmission if frequencies are selec ted to minimize
attenuation effects. Because of the high information
rates possible , a relatively small number of transmitters
would be needed , thus reducing the cost .  Redundant earth
stations may be used to reduce the probabili ty of signal
loss. High power and high efficiency TWTs that operate in
the millimeter wave regions are just becoming available.
Costs will be low enough to make mill imeter wave communi-
cations satellites a reality . The 60-70 GHz portion of
the band seems to be primary interest. The ECOM long-range

- ~
- objective (circa 1985) is to reduce millimeter wave trans—

ceiver cost by a factor of ten ; this objective should be
achievable.

Millimeter wave systems are competing with optical
systems . Limited funding resources and the desire to
obtain maximum use of procured equipments will dictate
that millimeter wave equipment produced in 1985 be in use
in the year 2000. Similarly, fiber optics systems will be
introduced in the 1980-85 time frame and will be in the
inventory in the year 2000. The exact proportion of
mill imeter wave to optical equipment will be determined by
procurement actions implemented 20 years earlier. The
diversity of the technolog ies poses a problem in determining
future test equipment requirements since all fielded
systems must be accommodated .

A.2.8 Mainframe Memories

4 A .2.9.l General

The rapid development of solid-state ICs is challeng ing
the standard use of magnetic core memories. The decreasing
s ize , power consumption , and cost afforded by LSI technobocv
h~ s reached the point at which solid-state memory is
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preferable to tore memories ~n l ow-cap ac i ty  ( l O ~ - lO~bit) a~ pl icat ions and is almost competitive with core in
lar~ e—ca~ acitv ( 10 8 — l0~ bit) systems . Semiconductor
read only memories (ROM) and programmable read only ~enor~ es
(PROM) are f i n d i n g  ir ~creasi n~ use in computer system s
because of the file securit1 and software maintenance
sim p l ic i t y  they ~rovide . ROM s and P R OMs are ~r e a tl y
impact ing min icompute r s  and mic roprocesso r s .

The cla ssical computer a r c h i t e c t u r e  w i t h  m a i n f r a m e
memory as a sepa r ate , well  d ef i n e d  e n t i t y  in one loca t ion
is changing . Magnetic memory cores were more e c o n o mi c a l ly
located in one place in order to share drive and interface
e lec t ronics .  So l id—sta t e  memories can be :mplemented on
single chip s and dispersed t h r ou gh c u t  the computer  c i rcu i t r y .

A .2.8.2 Forecast

The performance characteristics used in the pro:ectior,s
for mainframe memories are :

Cost/storage bit
Access and cycle times
Power consumption/bit
Density (bits/in 2)

I
These characteristics are interrelated ; their relative

importance is dependent on the intended application. Cos t
will be an important factor for many applications but more
imp or tant ly  will determine the relative use of magnetic
core versus solid-state memories. Access time , power con-
sumption , and density will be important from the standpoint
of metrolog-; impact. Projections for these parameters are
discussed in the following subsections.

A .2.8.2.1 Memory Cost (Cents/Bit)

Figure A— 21 shows the past, present , and projected
costs per bit of MOS , CMOS , bipolar , and CMOS/SOS solid—state
memories and magnetic core memory systems .

The forecast of continued decreases in solid—state
memory cost is based on the relative immaturity of LSI.

Presen t ly ,  m a n u f a c t u r i n g  y j
~ ids are quite low : 40

percent  for  smal l ,  simple c i r c u i t s;  5 percent  fo r  large ,
complex c i rcu i t s .  Chio yield is expected to increase
significantly producing lower costs per chip.
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preferable to core memories in low-capacity (l0~ — 1O 5

bit ) applications and is almost competitive with core in
large-capacity (108 — ~~~ bit ) systems . Semiconductor
read only memories ( ROM) and programmable read only memories
(PROM) are finding increasing use in computer systems
because of the file security and software maintenance
simplicity they provide . ROMs and PROM s are greatly
impacti nç, mInicomputers and microprocessors.

The classical computer architecture with mainframe
memory as a separate , well defined entity in one location
is changing . Magnetic memory cores were more economically
located in one place in orde r to share drive and inter face
elect ronics. Solid-state memories can be implemented on
single chips and dispersed throughout the computer circuitry .

A. 2.8.2 Forecast

The performance characteristics used in the projections
for itLainframe memories are :

Cost/storage bit
Access and cycle times
Power consumption /bit
Density (bits/in 2).

These characteristics are interrela ted ; their relative
importance is dependent on the intended application . Cost
will be an important factor for many applications but more
importantly will determine the rela tive use of magnetic
core versus solid--state memories. Access time , power con-
sumption, and density will be important from the standpoint
of metrology impact. Projections for these para meters are
discussed in the following subsections.

A .2.8.2.l Memory Cost (Cents/Bit)

Figure A- 21 shows the past , present ,  and projected
costs per bit of MO S , CMOS , bi polar , and CMOS/SOS solid-state
memories and magnetic core memory systems.

The forecast of continued decreases in solid-s tate
memory cost is based on the relative immaturity of LSI.

Present ly ,  manufac tu r ing  yields are quite low : 40
percent for small , simple circuits ; 5 percent for large ,
complex circuits. Chip yield is expected to increase
significantly producing lower costs per chip.
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Figure 1—21 shows cost/bit comparisons for the various
memory devices. It should be remembered that the fioures

k apply to devices with similar access times and memory
• capacity . The curves, therefore , represent medians of the

range of values found for all systems , some havin~ more
exacting performance requirements. It can be seen , however ,
that MOS and core memory costs are now similar .

Bipolar memories cost more than either MOS or core
and will probably not cost less than core prior to 1980.
Bipolar memories do have a speed advantage as will be
shown la ter.

The cost of CMOS technology is predicted to decrease
rapidly. The growing commercial market for devices such
as those used in electronic watches , calculators , and
automobile electronics is producing a strong conrnercial
R&D effort which will further reduce CMOS costs .

CMOS on sapphire substrates (CMOS/SOS) is another
promising technology . The cost of sapphire substrate
material is ten times that of ordinary CMOS , but SOS
technology is expected to have a much higher manufacturing
yield and density .

The projected cost decreases of solid-state memories
by the year 2000 will ce r t a in ly  fo r ce the Army inventory
of ADP equipment toward an all solid-state LSI memory
configura t ion .

A . 2 . 8 . 2 . 2  Acc ess and Cycle Time (ns )

Figure 1-22 shows switching speeds for the mainframe
memory technologies. All present technologies are approaching
fundamental limits. The projected access time of 1 ns
(circa 2000 probably exceeds the capability required for
future processors in automatic data processing applications.

Bipolar emitter-coupled logic (ECL) memories are
already capable of 10 to 100 ns access times. Further
great improvements in semiconductor performance are not
expected . MOS speeds are expected to increase as the
technology matures , with CMOS/SOS speeds increasing , which
will challenge bipolar technology. Table •~-ll summarizes
present status in memory speeds.
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~

~~~~~ 1- i~~
— 1~1Random 1~ ~~~~ ~c~ r - ’  ~~t ,

1976
Type Cycle TLIU. ~ (n s )

Magnetic Core 5 i O

PMOS 3(~0- L~60

NMOS

CMOS

Bipolar 1~~- 2 O

A.2.8.2.3 Power Consumption (mW,/bit)

Present power consump tion of RAMS ver su s switching
speed is shown in Figure A—23. Historically, th is  has
decreased an order of magn i t ude eve ry 3 or 4 years since
1966. Future trends in power consumption are shown in
Figure A-24. This shows low--speed bipolar , PMOS , NMOS ,
and CMOS/SOS RAMs . Future technologies will permit a
continued decrease in power consumption of an order of
magnitude in 5 years or so.

4.2.8.2.4 Density (bits/in
2)

Figure A—25 shows the trends for storage densities of
semiconductor RAMs . Currently, NMOS and PMOS are the
densest ; bipolar is abo u t h a l f a s de n se. CMOS/SO S densi ty
is expected to meet the others rapidl y, thoug h it is
presently low.

LSI random-access menior : den-tity will reach io 6
bits /in 2 by 1980 which may be a p lat eau . Pr esent photomasking,
etching, and diffusion processes will not support higher
densities. Other developments (such as the use of electron
beams and ion implemen tation) may permit even higher
densities.

In contrast to the r a j ~ i i  in cr ease i n  semiconductor
memory density , core memory densities are not increasing
and further improvements are not ~xj~ ’cted . Estima tes of
core storage density ranqe from 1000 to 2500 bits/in 2 .
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FIGURE A-23
Speed - Power Curves fo r
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A .2.9 Auxiliary Memories

1.2 .9 .1  General

Aux i l i a ry  memories provide specialized storage capab ilities
apart from computer mainf rame memories. These include
special—purpose , low-capacity memories such as shift
registers and ROMs , as well as high—capacity memories to
inexpensively store large amounts of data .

The special-purpose shift registers and ROMs are pre—
dominately solid-state devices. Shift registers are
sim i lar to RAMs , but because of their simpler c i rcu i t ry ,
can be made denser , faster , cheaper , and less power
consuming than RAMs. ROMs are used to store programs and

- f r equen t ly  used rout ines .  Usin g ROMs for  this  purpose
provides faster  access and lower power consumption than
storing them in the mainframe memory. ROMs are particularly
advantageous in mini— and microcomputer applications
because of the shorter word lengths and limited mainframe

-
‘ 

memories involved.

• High—capacity memory applications , a’so known as mass
~~ or bulk storage , are used for storing programs as adj uncts

to processor mainframe memories or for preserving vast
- -- amounts of data that are to be retrieved in times on the

order of hours , days , or a year later . The various types
of mass storage systems are :

Magnetic-tape storage units

. Rotating devices - magnetic drums and disks

Extended magnetic core

Electrio—optical

~~~~~~~~~ 

. Solid-state CCDs, magnetic bubbles , Josephson
-

- .- junction devices.

Magnetic tape , drums , and disks will continuously
- - 

improve . Reduction of mechancial motion required will
decrease the average access time. The high cost (1.5

- cents per b i t)  of extended magnetic core relegates this
technology to special-purpose uses where high speed is
essential. Although these systems will exist for some
time, new technologies promise revolutionary changes in
mass storage systems .
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Thesu ry ~- - Le~’hnu 1 eq in: are opt  icc 1 stor oo , C~. h o- , .
O. p h s u~ j U n o L i o n  -~~ll s.  utica l st or a q e  r~

i n e o 0 v ~ w r i t i n o  w i t h  a light source on photo grinhac m~ ooria1.S ~~ O~1e may he e hi r in single bits or in h oJ u:rr t r
!orm if lasers a r e  used for  wr i t i n q  the  i n f o r m a t io n . An

•.-~~
- 
~oq~ u ho C r a ) h i c  s toraqe is tha t  if  a po r t  LCO C

the ph tC q~ aoh1c ~natei ial is destroyed , the  o v e ra l i  si qn a ~~_ t :~~nc1sr

~s ~ c J u c C d  but no bits are completely lost. This
LC .CCOL uiogy pro:ni ::es l a rge  c a p a c i t y ,  access t ime a u t~:i c r o s o cr o :~. o
a u •~ l c w  ~ -~wer consumpt ion  at reasonable cost. Similor i n  

ot , an nc t o n e  beam can record i n f o r m a t i o n  no
~‘i a t c~- ia~ s~~ch s em iconduc to r .  The advantages  of eicc~ o r e

c a m  st oa aqe ar e  s im i l a r  to those of opt ical  s to raqe .
E l e c tr i: beam de f l ect i o n  technology is more advanced t han
o p t L e c a l s torage because of years  of exper ience  ga ined W i t h
eaL o h e  ray  tubes .

C ‘ t o  -l se  r’t CY; capaci tor  cha ins -  and are f ab r i ca t ed
u t o i n c i  sta : da d LSI technology . These devices offer a
p et e :t i a i  ~er h i g h  i n f o r m a t i o n  dens i ty  since they employ
t r n o - ,ive s t o r age  devices  r equ i r i ng  no external  con t ac t s .
:100 c ap a : it o os  c n  he f a b r i c a t e d  e n t i r e l y  on the s u r f a ce
ot  th  s~~b ot r at e  a l lowing  very high packing densities
~ )OC $ ( - f l t L v  ap p r o a ch i ng i~~6 b i t s/ i n 2)

d i s a d v a n t a c o of CCDs is that data must be rc~~reshed
er- L e - i ly  to m a i n t a i n  s torage.  Also , because of the

o ’r ii nature of their construction , they oannot be used
- ru: acm ~~ces~ applications. CCDs will find uses in

c onnoTes n u t t i n g  them in direct competition with
0 C i t~~~ ~ c oPel

~~ ; o b f r l e  devices are fabricated much th e  same
cu n :c’ r~t i o n a l  LT S— — u s i n g  a t h in  f i l m  depos i ted  on -o

o L o L ~~~~t C .  T h i s  t h i n  f i l m , however , can be made to f c ~rm
)C -; -

~~~
- - ~n m a c t i c  1mm : ins  sh aped as f a t , s tubby erL i n d e r s

- - •
- - b u e hL e s .  These hubbies are smal l , h i g h l y  s tab l e ,

v p a c k a bT e , a i d  movable  at r e l a t i v e l y  h ig h  suced.
-in ~ created , des t royed , and sensed by s u r fa ce

c-I ~~ - r ic i es .~~~~~~~ \ serial memory system using bubble technoloe’
; ~~~~ with h~~~h packing density (nreseetly l0~

- L , - ,  ~-~~- r  c o f l o L i m o t  ion , and reasonable a c c- s s

• A:~ i t h  ‘Ths , PubLic memories  cannot  he used in
I -~~~~~~I c ~~~ CC 04 aep licat ions.
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A technoloqy that is farther from practical application
than any of those previously discussed , but wh ich o f f e rs
outstanding potential , is the Josephson junction device.
This device employs a cryogenic superconducting junc tion
that can store and sense minute magnetic fields. It has a
very low power consumption and can switch at picosecond
rates.

Auxiliary memory systems projections are shown in
Figures 1-26 through A-28 . The parameters projected are
access time (us), memory cost (cents/bi t ), and storage

-- 
- density (b i t s/ in 2). In addition , system capacities are

presented in Table 1-12. These parameters are discussed
in the following paragraphs.

A.2.9.2 Access Time (u s )

The important trend in mass memory systems will be
the emergence of systems with access times and costs
midway between those of present mainframe and mass memories.
(Access times between a ps and a ms and costs between
l0 1 and i0 3 cents per bit.) CCDs, magnetic bubbles ,
electron beam , and optical memories will possibly f ill
this need in the next 10 years. Access time projections
are shown in Figure 1—26. If a projection limit for mainframe
memories based on cost and requirements of 1 ns is appropriate ,
an access time limit for aux i l i a ry  memories based on the
same considerations of 100—1000 ns would be logical. This
requirement could be satisfied by optical and electron
beam assessing techniques.

The projections illustrate the revolutionary improve-
ments possible in future mass memory systems using Josephson
junction devices. These memory systems are still in the
basic research stage and although they exhibit outstanding
characteristics , their capability for use in practical
systems is yet unproven. Laboratory gates have achieved
switching times of 10—100 picoseconds while dissipating
10-5 watts per gate. Josephson junction devices do not
dissapate power when not switching, therefore , the i r  power
consumption is correspondingly less at low data rates.
The achievable packing density of Josephson junction
devices has been estimated at i04 to i05 bits/in2.

1 . 2 . 9 . 3  Mass Memory Cost (Cents/Bit)

Future costs of mass memory sytems are expected
follow two basic trends: (1) costs of magnetic tape ,
disk , and cassette can be expected to decrease; (2) slightly
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k more cx~ c-us Ly e sys tems  such as CCDs and magnet ic  bab1 l ns
w i l l  be used because of t hei r  much f a s t e r  access t imes.
F u t u r e  h o l ogr a p h i c  or elec t ron  beam memory systems w i l l  be
a l a t e r  development  p rovid ing  1 ps access w i t h  capac iL ’-~
rind cost competitive with magnetic disk. However , for
applications requiring very large capacity at least cost ,
magnetic tape will continue to be used for marty years.
F i g u r e  1-27 shows mass memory cost trends.

1.2.9.4 Mass  Memory Capacity (Bits)

Typical capacities for mass memory technoloqies arL
l i s t ed  in Table A - l 2 .  Capaci ty  wi l l  be determined hy
system cost and performance considerations; however , in
the f uture much higher performance (acce ss time , cost ,
~• ‘wer consumption) will be available.

TABLE A-12
Mass Memory Capacity

Technology Typi cal Capacity (Bits) Status

~1agnetic Tape l0
10 

— 10
12 

Mature technology

Laser Punched Tape 10 Recently available

:‘Pqnet ic  Disk and io
6 

— l0~~ Mature technoloqy
Drum

n ct i c  ‘Pope 106 
— ~~~ Mature technology

~as ctte New application

:- : iqn ~~tj c  Bubbles io6 
— lo9 Under development ,

practical sy3tcnt s by
1975

Op t i ca l  io
8 

- 10
10 

Under development ,

• practical systems ~y• 1978—80
P

E l e c t r on Beam 108 
— 10

10 Under development ,
practical o”st rn t : L~’

• 1978—80 
—

~~~~~~~
______
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1. 2 . 9 . 5  Mass Memory S tora ge Densi ty (bi ts,’in
2)

Figure 1—28 shows stor~ ce densi ty trends for mass
memory technologies. The storage densities or tape anc
disk systems will show continued increases , bu t newer
technolog ies w ill ach ieve hi~ her densi ty. The electron
beam system density shown is lower than the optical memory
because the semiconduc tor ~rid used for recording limit s
the miniaturization achievable .

1.2.9.6 Mass Memory Transfer Data Rates (Bits/Sec)

The poten tial for increasing mass memory read/write
rates is limited . Parallel operation of recording devices
will afford higher data rates; however , transmission link
limi ts would soon be encountered . Typical transfer data
rates for various technologies are listed in Table 1—13.

TABLE 1-13
Typical Transfer Da ta Rates

1~~ ( Year 7Type Data Rate (bits/sec) Available

7 3  —
I Electron 3eam 10 — 10 13’S

SHo1ota~e 10 — 10 1975—78

Magnetic Tape ~~~ 1978

10 1975

- - 6 7 —Magnet1c Disk 10 — 10 1 i 8

Magnetic Bubble 10~ 
— 136 1975

• Magnetic Tape Cassette 1978

1.2.10 ADP Disp1~~~~
Three generations of ADP displays are projected

to the year 2000. The salient features of each generation
for large— and small—scale tactical ADP systems are as follows:

First generation — 1978 ( s m a l l  s ca l e)

— Plasma dis p lay
— Graph ic  “al phanumer i c  c a p ac it y
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- Super imposed data poss ib le

— 10” x 10” screen

— 1024 elemen ts

- O p e r a t o r — s e l e c t  w r i t e  -e r a se  w h i l e  v i ewin q

— Mul ticolo r

F i r s t  genera t ion  - 19 78 ( l a rge  scale)

- Overlay reproduction equipmer.t

- Produces map size transDarencv , in monocolor ,
wi th  d isp lay  da ta

— Dry My l a r  base f i l m

- Transparency  di sDiaved  on large screen

- Polychromic technology to achieve multicolor

Second generation - 1982

- Modular

— Multicolor

- Compatible with ICs

— 512 LEDs , each source 1½ ” x 3/4 ”

- Integrated decoding and d r iv ing  circuitry

- Visible in high ambient  li ght  condi t ions

Third generation - 1985

- Improved second generation module

— 4096  LEDs,  each source 1½” x 3”

- One red and one green LED at each disp lay
point

• - Display  a lphanumer ics  and g r a p h i c s  in a 4 ’
by 4 ’ area

Post 1985 — m o n o l i t h i c  d i s p l a y s .
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Characteristics of both large- and small—scale displays
will exhibi t similar performance trends in the post-1985
time period .

The LEDs used in post-1985 systems will be off-the-shelf
commercial un its , configured in matrix arrays. These are
addressed by a thi n f i l m  tra nsistor ar ray  in regis t ra tion
with the display pant l light sources. Third generation
d i sp lays  w i l l  use two LEDs of d i f fe r e nt colors at each
panel sight to provide a multicolor capability.

Second and third generation displays will be cornmor~
in systems deployed during the 1985—2000 time frame .

Fur ther informa tion on di sp lays  is conta ined in
Subsection A. 2 . l .

A.2.3.ll Surface Acoustic Wave Devices

A.2.ll.l General

Time—delay f unctions are often  required for  analog
and digital signal processing . The relatively slow
propagation of acoustic waves can be used to provide the
necessary delay. Electrical energy is converted to
acoustic energy transmitted through an acoustic medium ,
then reconverted to electrical energy . The acoustic wave
propa gation is four  or f ive orders of magnitude slower
than electrical waves depending on the acoustic medium .
Unti l  recently,  acoustic-delay devices used a bulk medium
result ing in a re la t ively large , expensive , and power-consum ing
device. Surface acoustic wave (SAW) devices are a new
development wh ich use the princi ple of SAW propagat ion in
piezo-electric solids. They are smaller , use less power ,
and are cheaper than bulk-media devices. Thin-film
techniques are used in the fabrication of SAW devices.
Some devices appl ications are :

Matched f ilters
Spread-spectrum filters
Pseudo-random noise synthesizer
Frequency hopp ing.

- • 

* 
SAW devices are unique acoustic-delay devices; the

control logic in e i ther b ipolar or MOS implementat ion can
be integrated in the same chip as the SAW structure . The
characteristics of several presently available SAW devices
are listed in Table 1-14.

- 
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TABLE 1-14
~ A’--I Device Characteristics

In~3 c r L J o O  Center fhrouyhput -

Device t~~~Ss r r ~ c 1uoncy Rate -~ r~- s
_ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _  -- - - 

~~itc h~ih1c Matched 20 dB 60 MHz 10 Mh/s B i ; - o l  Ic d o
F i lt r

M a t c h - ~d F t i t e r  10 Mb/a - r = oct
C~~tifl1~t t  :110 ‘-

$40 :~~=~ l~ c:i c

Spread Spectrum 40,55,70,
85, 100,115,
130 Mb/s

Delay Line 18 dB 700 MHz BW=~24% 6~ s delay

1.2.11.2 Forecast

Cur r en t  research ac t iv i t i es  should lead to the d e plo y m e n t
of the fo l lowing SAW devices by the mid 1980s:

Adaptive filters with a wide range in frequency,
bandwidth , and insert ion loss for  imp lementation
in the VHF-UHF f r equency  band

Inexpens ive , mono l i th i c, narrowband , sur f ace
wave resonators  for  use as f i l t e r s  (both  passbane
and stopband ) and osc i l la tors

A wideband 500-MH z , 5-ms pulse compression
f i l t e r  for  use w i t h  an e lectronic w a r f a r e  mic roscan
receiver

Acoustic weighing f i l t ers to achieve h igh
.‘ 

o u t - o f - h a n d  re jec t ion  levels grea ter  than  60 dB .

In t h y  19 8 5- 2 0 0 0  t ime f rame , SAW devices and CC[J s
wiLl perform sim i lar functions , although SAW devices will
be operating at several  hundred MHz wh i l e  CCD devices  w ill

• g e n e r a l l y  be o p e r a t i n q  below 5 M H z .  I t  m u s t  he remembered
however , t h a t  SAW devices are  ana log  and CCDs a re  d i g i t a l .

r
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1.2.12 Switching

Electromechanical  switch ing  technology is being
replaced by all-electronic systems. In commercial work ,
this change began with the Bell Telephone Electronic
Switching System (ESS) concept . In the military community ,
the AN/TTC-39 development started the changeover to
electronic switching.

Ear ly  electronic switches were designed for analog
t r a f f i c  and used space-division matr ices.  Newer developments
wi l l  use t ime-division matr ices for  dig i tal  signals or
both space and time divis ion as in the AN/ TTC—39 switch
which is an analog/digi ta l  hybr id .

Future switching system performance will be increased
predominately through improvements in LSI technology . The
use of MOS wi l l  increase as greater  operat ing speeds are
attained with that  technology. This wi l l  allow fu tu re
systems to consume less power. LSI technologies were
detailed in Subsection ~ . 2 . 4 .

The operating speed of current solid—state , time—division
matrices is much faster than the time required by the
processor to command the connection to be made. The cycle
time of the central memory is the limiting factor in
switching speed . CPUs using ECL gates with gate delays of
200 picoseconds wi l l  be avai lable  by 1985. In th is  type
of system , memory cycle times on the order of 5 ns are
forecast with a l-ns cycle time predicted by the year
2000 .

As processor speeds increase and LSI technology
increases chip complex ity wh ile reducing cost , the processor
capacity will far surpass the amount of traffic that can
be economically handled at a single node . Network cost
const ra in ts  wi l l  then be concern switching matrices and
transmission f a c i l i t i e s .  The excess processing capacity
can be hainessed bu dynamic in t racal l  allocation of resources
to opt imize  the use of these components. A system of th is
type could handle voice and data traffic concurrently.

A . 2 . l 3  Frequency Control Devices

Traditional frequency control methods using crystals
will be improved . New processing method s for fabrication
of precision quartz crystal resonators are being developed .
The processes wi l l  include : u l t rav io le t/ozone  c leaning ; a
nickel electrobonding process a l lowing n e a r l y  s t r e s s — f r e e

- 1-69

I

~

_ :

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.

~~~~



mounting of resonators; a laser-assisted X-ray  o r ien ta t ion
method for measuring angle of cut which eliminates sign if i c a n t
tolerance errors; and new ceramic flat packs for crystal
resonators with improved hermetici ty. Details of speci f ic
crystal  resonator development to be f ielded in the ear ly
l98 0s are as follows :

Microcircuit, temperature—compensated , low-power
crystal oscillator

— VHF—FM radio reference frequency synthesizer
application

— Frequency tolerance: ±6 ppm/5 years

— Frequency versus temperature stability:
+2 . 5  ppm over temperature range of -40° to
75° C

- Frequency aging : ±2.5  ppm over 5 years

- Other e f f ec t s :  frequency error +1 ppm

— Thick f i lm microci rcui t :  0 . 2  in 2

Hi gh shock resistant, voltage-controlled crystal
oscillator

— Narrowband sensor transmitter application
for use with REMBASS data transmission
system

- VCO range : 8 to 22 MHz

- Frequency tolerance: ±~ 
ppm

— Frequency s tabi l i ty  over —40 ° to 75 ° C
temperature range : ±2 ppm

- One percent l inear i ty  100 ppm frequency
deviation performance

- Withstand 15 , 000 G shock in expected impact
direction

- Piecewise l inear curve-f i t ted  diode funct ion
generator for temperature and l inea r i ty
compensation

1-70
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. High-stability , temperature-compensated crystal
oscil lator

- 
— Reference oscillator for TRCS radio sets

— Frequency tolerance : ±0.83 ppm

- Digital temperature compensation using ROM
programmed wi th  higher order corrective

-
. function

- 125 mW power consumption

- Frequency aging : ±0.2 ppm/year

— 2 in 3 in size

- ±0.05 ppm frequency stability over —46 to
.~~1

. 
85 C temperature range.

Research is continuing on fabrication techniques for
crystals to be used in crystal resonators. This effort

I will produce frequency control circuits with better thermal
s t ab i l i t y ,  frequency s tabi l i ty, and resistance to shock
and acceleration.

A new development using laser technology provides
stability comparable to cesium standards. The salient
performance characteristics of this development are as
follows :

Size : 20” x 40”

Frequency stability: similar to cesium

. Principle of operation : CO~ standing wave
saturation absorption resonance

- . Source : CO2 laser

Frequency multipler: 5 to 30 MHz

- • . Application: highly portable , precise time
- reference

4 . Availability : approximately 1985.

.
~ ~~

•
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APPENDIX B

REGRESSION ANALYSIS

Regression analysis determines the “best f i t ” equation
to a set of ordered pairs of values. In the analyses
conducted in this study, simple regression techniques were
used (the relations between only two variables were con-

• sidered). The form of the equation governing the relation-
ship between the two variables was assumed to be an exponential
function of the form Y = aebx . By taking logarithms of
both sides of the equation, the equation is converted to a
linear equation of the form ln Y = in a + bx.

Figure B-l shows a linear equation plotted together
with the set of data points upon which the equation is
based . The uj shown is the error term , i.e., the d i f f e r e n c e
between the observed value Yj and and the computed value of
Yi. This relationship can be expressed as follows :

in Y. in a + bx. + u.
1 1 1

Solving for the error term u1,

u
~~

= l n Y
~~

— i n a _ b x
~

To obtain the best fit equation , the resulting error terms
must be minimized . It can be shown that the error terms
are minimized if the sum of the squares of the error terms
is minimized . This is known as the method of least squares.
Tne expression to be minimized is:

n n
u~

2 
= (in Y 1 

- in a — bx 1)
2

B- 1
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FIGURE B-i
Example  of Curve F i tt i n g
U s i n g  Regression  An a 1y s i~
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To minimize this equation , it is necessary to differentiate
the above equation with respect to a and b, set the par tial
der ivatives equal to zero, and solve the resulting two

- equation systems for a and b:

n
2

u - n
1

il 
= 

—2 (in — a — b x )  = 0
‘

~~~ ~a 
i=1

~ 

u~
2 = —2 x. (Y. — a — b in x .) = 0

Solving for a and b yields the following equations

n

b = 

i=l 
(x. — x) ( in  Y

~ 
- in Y)

2(x
1 

- x)
i= 1

a =  l n Y - b x

¶ where ln Y and X represent the average value of the natural

• logarithm of the Y and X data point values , respectively.

This discussion shows the theoretical basis of the
regression analyses performed in this study. In practice ,
the data points were plotted on semi-log paper which effectively
takes the logarithm of both sides of the equation . Also ,
the calculations were actually performed on an HP-25 calculator
programmed to perform regression analysis.

- 
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A P P E N D I X  C

INTERVIEWS FOR ARM Y METROLOGY REQ UIREMENTS

C.l. APPROACH
4, -Following the technology forecasting effort based on a

search of available liter ature , individuals w i t h i n  ECOM
Laborator ies  having spec i f ic  knowledge of one or more of
the technical areas being considered were interviewed .
These interviews were conducted to ve r i f y the pro jec t ions
which were based on available literature ; when projections
did not agree with the interviewees ’ experience or expecta-
tions , new data points were obtained.

Potential  interviewees were selected by Booz , A llen
and the ECOM point of contact. After initially contacting
each potential interviewee by telephone, a meeting time was
arranged . Each interviewee was sent a copy of the handout
shown in Exhibit C—l prior to the interview . In this
manner , the interv iewee could become f a m i l iar wi th  the
topics to be discussed and the problems being addressed ,
and could gather any information that might be required .

In almost all instances the respondents were not
prepared to provide data in the detail requested; con-
sequently , the responses obtained were gene ra l ly  of a
philosophical nature and are briefly summarized in the
following subsections.

C.2. INDIVIDUAL INTERVIEWS

The following summaries present the viewpoints offered
by the indicated respondents. The comments are pertinent
to development programs that are current or planned within

P the technical area of the particular expert.

The presentation is organized by laboratory and then
subdivided by technical area.

C-i
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t e c h n o l o g y  arua and t h a t  t h i s  trend will end i n  on~ of t~~ o -

It will enc oun t er a n a t u r a l p h y s i  cal
harrier , such as the speed ol light.

It will be totally ov er t a k e n  by a n o t he r
I technology area - such as the advent of
- the steamship a n d the demise  of sa i l

as the propulsion ut a n s  fot- comniorci al
I vessels.

A second postulate is t h a t , super imposed on t h i s  basic
- t r e n d  c ur v t  is a family of I echnologies that tall into

-
~ three categories :

h istorica l approaches that are nowH obsolete.

Curr ent and over tak ing app roaches
that are well known and of immediate

- - interest.

-~ 
. F u t u r e  approaches t ha t  are now u n k n o w n

I but  whose emergence is  assured b y t he
postulated trend.

The answers to the  a u e s t i o n s  you are be ing  asked to
U consider will provide the Booz , A l l e n  s tudy t eam w it h t h e
H inform ation necessary to make the desired technology

forecasts .

:~~. QUESTIONS

(1) Question 1

Ident ify from Attachment 1 the critical technology
a reas wi th  wh ich you are f a m i l i a r  and w h i c h  w i l l  be s i g n i f-  I

H leant to C—F equipment throughout the period 1985—2000. I f
you are fam il iar w i th  add i t ion a l  t echno l ogic al a reas  tha t
should he inc luded , t hey  can he added ; however , thosu
technology areas should relate to parametur or performance

I measurement requirements needed to ma intain electronic H

ecluipmen t , systems , and subsystems .

( 2 )  Question_ 2 H

Identify any physical or practical li m i t s , upper or
lower , which would inhibi t future evoluti onary gi- wth of H

LL~ 
technology areas id e n t  if ied under Quus Ii o n l . 

= 
H
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EXHIBIT C-l (3)

(3) Question 3

Ident i f y a maximum of five technical approaches or
technologies (historic or current and overtaking ) which
characterize the technology areas under Question 1 .

(- 1) Question 4

Iden t i t y  the  ord er of magn itud e impr ovement f r om
1970 to 2000 for each technology area identified in
Quest ion 1 and each technical approach identified in
Question 3. A statement of actual technical performance
Parameter values is preferred ; a statement of order of
magnitude advancement is acceptable.

( 5 )  Question 5

I f  spec i f ic techn ical per formance  parameters can be
given (ref . Quest ion 4), ident if y a max imum of four
metrology-related key technical performance parameters
that should be projected .

(6) Quest ion 6

For each techn ical performance parameter ident if ied
in Quest ion 5 , ind icate when spec i f ic technologies move
from development to production , i.e., at DT/OT II. For
over tak ing technologies , ind icate the probab il i ty  of
mov ing from development to production by the indicated
year. Please provide estimates of the technical perform-
ance parameter value at this point in the case of over-
t ak ing t e chno logies. These est imates ma y also be requ i red
for current technologies.

( 7 )  Quest ion 7

Ident i f y  any add it ional da ta  po in t s  on the perf ormance
curves of any of the  techn ical approaches descr ibed in
Question 6 which might be added to enhance understanding .
Ident i f y any signi f icant comment  that  should be added as
e x p l a n a t o r y  t e x t .

NOTE: Responden ts are requested not to prov ide docum en tary
material in lieu of the interviews . It  can he assumed t h a t
the  per t inent  documen tary ma ter ial is in the  hand s of the
cont ractor , has been a n a l y zed , and will ha included else-
where in the study.
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EXHIBIT (‘-1(3) -

- - - - 

A c h i i uv e i ni - nt  L t ’ - u l /
Tec~~~~lory Area P ( r ~~o rm a I u - e P ar : f t I e t e r

12 . ADP Displays Funci innal Capabilit y

13. Surfac e Acoustics Wave Functional ( ‘ a t : t h i l i t y
1)ev ices

14 . SwitchIng Fund lonal C a p a b i l i t y

15. l - requency  Con t ro l  F u n c t i o n a l  C a p a b i l i t y
H Devices

16 . M i c r o e l e c t r o n i c  F u n c t i o n a l  C a p a b i l i t y
Packag ing

17. Batteries (1) Energy Density
( 2 )  Stora ge L i f e  -

-( 3 )  Temperature
( 4 )  S p e c i f i c  Cost H

H 18. Fuel Cells Funct iona l  C a p a b i l i ty  H.

19. Thermoelectronic  F u n c t i o n a l  C a p a b i l i t y
Generators

A
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C.2.l Communications/Automatic Data Processing Laboratory 
-

Center for Communications Sciences (CENCOMS)

C.2.1.1 Signal Processing

Respondent: Mr. B. Goldberg

Comments:

The technology areas tha t are of pr imary interest
to the respondent are :

- Digital voice coding
- Tactical mult iplex systems
- Surface acoustic wave (SAW) devices
- Channel characterization and simulation
— Packetized communications
— Source and error control coding
- TDMA technology
- Low probabili ty of intercept ( LPI)  communications
— Stat ist ical  communications
— Modulation concepts
- Facsimile
- Optical character readers (OCR)
- Record communications
- Impulse noise modeling
- Rate distortion theory
— Time spread communicat ions
— Signal intercept threshold technology .

Wholesale speech encoding of voice traffic over
trunk networks will increase circuit traffic
capacity by a factor of ten .

Employment of new coding algorithms will reduce
the channe l bit ra tes from exist ing 16/ 32 kb/ s to
a new lower limit of 2.4 kb/s. Use of linear
predictive encoding techniques may further reduce
the channe l bit rate to 1.7 kb/s . Channel rates
of 2.4 kb/s should be achievable within 5 to 10
years.

Rate distortion theory will be used to determine
the minimum bit rate required to achieve acceptable
fidelity.

- C-7
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Packet ra~ o cnn irnun ca I c,cs wi  1 l o. r~-~ I t 1_ i

c ir c u la t i on  of i n f c rr o ct io r l  ~u t c ’ - a r  n e t s.  F -~ -
~~~ ic

qen eraf j ed in a random fashion by o~ I ;  - j - ~c ~
- - 

- 
P -

a v a i la b l e  to a l l  s ub s o r i l e r s .  iL~. ; - L y  t L r I -  ,: eL
w i l l  be det~;ctco~ and E-O IZOO by use; s e’-:-o.i: - t -~ i
busy c o n d i t ion s  on f i r s t — t r y  conne  ecs.  IL-
service  -~‘i 11 offer a greater inf;m~ c - ’:i or r o il  k;-)o-
ca~~abi lit’2 , will be secure , provide T h I t  l i o n
protection , and w i l l  not be v a l a a  ~h l c -  La ~ ;~~~c ; f —
cep t . r f e  protocols associated v ; i th  P 1 1 ] t C J ~~ :’
ope rat ions  may have to he a l te red  in t h a t  o l d
commanders will not have to go throu-ih r i o - i -s
echelons to receive operational d: ta. J h e \ - w i l i
immedia te ly  receive such i n f o r m a ti o n  as i t  is
oroduced . Feasibility tests of the system -- i
be per formed in the 1978—79 time f r a a rn e~ .- - n o i cecc i ra
development models should he available bp l9-~
the system should be in the field Lv 2000.

Programmable , spread—spectrum control da’~ i c s
will be achieved through the exploitation of
charge—coupled  devices ( CCD ) and SAW t e n~ - ] o q~- .

Future test equipment will be reqtiHred to rocc.~~r L ~~e
and identif y the packets discussed above .  riest li;

..

w il l  be done on a “system attributes ” basis w i tb
measurements  accomplished wi th  a random , sam: ];o

approach r a the r  than being c o n t i n u o u s l y  r I o ’n ~~~L - - .

as is currently done. Measurement times wHI ta
limited to a few hundred as. Development oL
future test equipment concepts will be c u d  f--
the use of channel  s imula t ion  models th. it  w i l l
d u p l i c a t e  such communication channel char-irterlatics
as time and frequency dispersion of the ran r-~~~~r c d
s i g n a l s .  —

Test equipment w i l l  he developed i n  c o n j u c tio n
wi th  new er r cr r—con t ro l  coding t e c h n i q u e s  t hat
w i l l  permi t  measurement  of bu r s t  and rand- o r
er rors  as they occur in the ac tua l  t r a ff i c - c a r ry in c
c h a n n e l s .  Test  equipment  memory w i l l  c o n ta in
these actual ei- ror i- ,-ite d i s t r i b u t i o n s  for  ; n j c - c~ ion
as stimuli into the system under test. This viii
overcome the current limitations of back—to-le°h
t C S ti f ln .
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Smar t term inals , cont rolled by mic roprocessors,
will replace the current family of FATT(s)
These term i n a l s  w ill contain a composi t ion ,
edi t ing , high-speed receiving , transmitting , and
limited message storage capability.

The EQUATE test system being used for  main tenance
of the AN/TTC-39 switch will be modified to
accommodate the d ig i ta l  group mul tiplexer (DGM)
f ami ly .

New facsimile equI~5ment will be developed usingcoding techniques  that will  reduce the cha nnel
bit rate by a factor  of ten to one . Source
encoding techniques wil l  emp loy spect rum transform
functions at optical wavelengths.

Optical character reader (OCR) technology wi l l
have advanced by three orde rs of magnitude by the
year 2000. Typewriter-prepared tests on DD Form
173 wil l  be processed for t ransmission over
digital circuits  in JANAP 128 format wi thout
human intervention . The OCR ( s )  of the fu ture
wil l  be microprocessor controlled, wil l  be u l t ra
reliable, and will have a multifont capability.

Baseband conversion techniques us ing appropriate
t rans fe r  func t ions  wi l l  f i t  wideband data signals
into existing channel spectrum allocations.
Thus , source processing of informat ion  content
and signal s t ruc ture  w i l l  permit  baseband and
spectrum compression ahead of the modulator stage
so that  exis t ing channe l s  can car ry  the tr a f f i c
without increasing the channel frequency alloca-
tion.

C.2.l.2 Multichannel Transmission

Respondents: Mr. Kuliback , Dr.  Ch r i s ti an

Comments:

The technology areas tha t are of pr ima ry interest
to the respondents are :

- UHF t ransmission
— Optical t ransmission
- Mill imeter  wave t ransmiss ion
— Microwave transmission
- Fiber optics , cable, f ie ld wire .

C-9
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I . For UHF and microwave transmission , the transition
from analog to digital traffic systems w i l l  have

r .  

been completed by the year 2000.

- ‘ 
. Er ro r—cor rec t i on  techniques , such as b i t  i n t e r l e a v i n g

~~ to minimize burst errors and advanced modulation/detection
techniques , will provide the dynamic troposcatter

- sy stems w i t h  a compar ab~ e q u a l i t y  of t r ansmis s ion
as the more s t at i c  l i n e — o f — s i g h t  systems.  Bi t

- ra tes  of 5 rib/s will he common for tactical
applications; for str~ teqic systems , rates of 25
Mb/s will be employed I for LOS systems and up to
13 £4b/s for troposcatter systems .

- 
. . Companion test systems will be capable of measuring ,

- in real time , over operational circuits , such
performance parameters as s igna l—to—noi se  ratios ,
bi t  error ra tes , receiver noise f i g u r e , receiver

- 
-

. 
sen sitiv i ty , transmitter power output , etc . In
addi t ion , f u t u r e  generat ions  of automatic  test
equipment , circa 2000 , wil l  be capable of i nd ica t ing

- t rends  or tendencies toward f u t u r e  f a i l u r e s .  All
major radio subsystems (i.e., IF amplifiers ,

~~~

‘ ; modulators , e t c .)  wi l l  be amenable to func t i ona l
tes t ing and moni tor ing  on a cont inuous , sampled ,
or snapshot basis .  Mul t ip le  test points  wi l l  be
avai lable  on the test ar t ic les  to accommodate
trend measurements , a n a l y s i s, and fault diagnosis.

Through the use of higher bi t rates , soph i s ticated
coding schemes , etc., optimum spectrum occupancy
wi l l  have been ach ieved both in a laboratory

• environment and on operat ional  l i n k s .

-
. 

. By 1985 , automat ic  test equi pment w i l l  be ava i lab le
-
~~~~ for ensur ing  complete compliance wi th  FCC regu la—

- t ions .  Test systems wi l l  be capable of spectral
ana lys i s  to au tomat i ca l ly  v e r i f y  location of the

- . 99t power points  as opposed to the manual
-
. point-by-point techniques presently employed .

- . By the year 2000 , tactical radio systems w i l l
enjoy a substantial antijam protection capability.
Equipment  operators  w i l l  be au tomat i ca l ly  advised

- 

- when the i r  t r ansmis s ion  is subject  to jamming ,
the n a t u r e  of the i n t e r f e r i n g  signals , and the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ to be emp loyed
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In the area of mi l l imeter  wave transmission , it
wil l  be possible to measure bit error rates over
atmospheric path lengths of up to 10 km . Test
equipment wil l  indicate channel avai labi l it ies
and radiat ion/propagation conditions , and wil l
provide a positive , visual notification of
proper system operation . Millimeter wave trans—
mission systems will enjoy extensive antijam
protection by the year 2000.

By the year 2000, radio transmission terminals
will be capable of very rapid siting and will

ç have been secured on an end—to—end basis.

By the year 2000 , automatic test equipment wil l
be capable of r ap id test ing over the entire fre-
quency spectrum up to 90 GHz. By 1985 , this
upper limit will be in the neighborhood of 65
GHz.

By the year 2000 , f iber  optics transmission
systems will largely have replaced coaxial cable
systems in short-haul d is t r ibut ion systems . The
closed nature of the fiber optics cable offers
interference-free service , minimizes suscepti-
bility to jamming and intercept , and provides
high protection against the effects of EMP .
These fac i l i t ies  provide high channel capacity
and wide channel bandwidths.  By 1985 , the problems
of uni form fiber consistency and fiber breakage
will have been solved . Data rates of 25 Mb/s ,
the maximum foreseen for tactical applications ,
wi ll be accommoda ted on f iber opt ics systems by
1982—83.

By 1990, local distribution fiber optics trans-
mission systems wil l  have replaced 26—pai r  cable .

. By 1990 , automatic test equi pment will be ava i l able
• at the higher level maintenance echelons to

perform component testing of f iber  optics systems ,
to include the transmission medium as well as the
sources and detectors.

By 2000 , single-mode optical fibers , operating at
• over 1 Gb/s , will be employed in some field

installations. These systems will be characterized
by rugged construction , laser driving sources and
silicon avalanche detectors , and highly efficient
coupling between the fiber and terminal devices.

C-li
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Presen t oroblem s re la t ing to the sp l i c ing and
r e n o at i n g  c apab i l i t y  of fi b e r  optics t ransmiss ion

- ~~
- media w i l l  have been solved by 1990. Repeaters

w i l l  be ba t te ry  operated , obviat ing the necess i ty
for  metal power conductors in the f iber  optics
cable assemblies.

The theoretical coupling loss limi t be tween a
niult imode source and a s ingle—mode f ibe r  has been
es tabl ished at approximately 30 dB.

• C . 2 . l . 3  Net Radio

Respondent:  Mr . I. Dodd

Comments:

The net radio inventory  w i t h i n  the Army is
character ized by large quant i t ies  of equipment
t h a t ,  for  economic reasons , requires  a ra ther
long period of operational l i f e . These radios ,
once introduced , are seldom replaced in their
ent i re ty, but are subjected to periodic product
improvements.  Radios introduced in 1985 w i l l
s t i l l  be in the f i e ld  by the year 2 0 0 0 .

The trend in manpack radios wi l l  be towards
reduced size and weight wi th  an a t tendent  increase
in sophist icat ion.

The h is tor ic  trend in net radios has been from
the vacuuum tube to the t rans is tor  and , f i n a l l y ,
the discrete component conf igura t ions  giving way
to ICs .

The VHF-FM SINCGARS f a m i l y  wi l l  be the s tandard
net radio in the year 2 0 0 0 .

* . Although it would be desirable to have radios of
li ttle weight and no power consumption , the
radia t ive  nature  of a radio requires a cer tain
minimum power consumption . Thus , the goal i s to
maximize the power conversion efficiency in order
that  the power input  wi l l  match the power ou tpu t
requ i rements .

Fu tu re  generat ions  of net radios , circa 2000 ,
wi l l  employ sol id-state, CMOS , IC , d ig i t a l  logic
circuitry .

C- 12
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The development of more efficient , tuned f requency
control devices is an important objective . These
devices will become more accurate , capable of
fas te r  tun ing , and f u t u r e  f requency synthesize rs
wil l  require less time and ef f o r t on the par t of
the operator.  Fast f requency hopping wil l  be
employed as an ECCM measure in future net radios.
The frequency hopping rate will be adjustable in
accordance with the threat and such systems wi l l
tend to be h i g h l y  complex .

Component densi ty  and power consumption wi l l  be
majo r lim it ing f actors for  fu tu re  generations of
net radios. Front control panels , such as in
the AN /PRC-77 , are becoming increas ing ly  crowded .
Further reductions in the size of these panels
would be impractical if human operators are to
have easy access to the control knobs and switches.

Another ma jor problem area that  wi l l  surface  as
net radios become more compl ex and sophisticated
wil l  be the a v a i l a b i l i t y  of trained man power to
service this  equipment.  Thus , operat ion of

4 f uture generat ions of net radios mu st be made as
foolproof as possible. Fu ture net radios wi l l  be
highly  automatic , u l t r a re l i ab le, and wi l l  incorporate
novel self—healing features.

The parameters tha t  future automatic test equip-
ment wi l l  have to measure are not l i ke ly  to
change , i . e . ,  power output , noise , error ra tes ,
receiver sens i t iv i ty, etc . The fundamenta l
character is t ics  of the net rad ios are not expec ted
to undergo significant changes in the next 25
years.  There w i l l  be some increase in logic to
accommodate improved tuni ng capa bi l i t ies  as
operating channels will be electronically selected .

- 
~~

- Some increase in memory w i l l  also be required .
Signal ing wi l l  be d ig i t i zed  and the radio ’s logic
c i rcu i t ry  wi l l  be required to in te rpre t  these
digi tal  signa l s .  Selection of channel  separation
wil l  be accommodated by chang ing f i l ter circu its.

The AN/URC-78 will accommodate different channel
separations without  chang ing filters.
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- F u t u re  ne t  rad ios  w i l i  h-c: - 
~h t- c - 2 ; - ~. ~~ !: -

~~
bo t h  s low and f ast  f r a c lu r r ’-  ho l -1 I rio - f ’~ u n o v
hopping rates will ex t er d fr om 100 I~- r - u / s~_-
hoppi ng rates that exe~ od t h e  ( d m 0 - i  L t ra  ~~

- ,

i . e . ,  16 kb/ s .

• SINCCARS radios , i . e .  , A N / -~~C — 7 8 , ~- ro  ~i ’  te nd -d t o
serve as a baseline system and - . .  u~ d :i ~~~~~

f ie lded  as such.  Thus , t h e  A~I / U RC — 78 ir :: - r o
properly considerL-d as a test Lcd or ocr . ~~~~~~ ~onof advanced concepts which  is to b f u r  r

r e f i n e d  be fo re  ac t u a l ly  he ino  j;rc .-ciuceu and
f i e lded .

The A N / P R C — 7 7  employes all solici—st rte t : - P- I r . ~~i - -a .
Older sets tha t  u t i l i z e  d i s c r e t e  c omr c -nc r -~ts , -;n :h
as the AN / VRC —1 2 , w i l l  be modernized thrcauqb a
product  improvement program in  wh ich  vacuum t uh o
c i r c u i t r y  w i l l  be replaced w i t h  new er  dev ices .

Future improvements in radio tran smitters arc
l imited by the broadband noise f l oo r .

The AN / P RC— 7 0 , a radio set tha t  combines  a
of opera t ional  modes , uses some I C ( s )  but  does
not employ LSI t:echnotogy .

Future net radios w i l l  have the c a p a b i l i ty  for
automatic antenna matching and will reciuire
associated sensing and logic  circuitr y .

Laboratory testc on radio rel labi Trit-, o f t - r ~ ,ici
not pcoo cIa dat  Lh d  t i n  co n s is te nt .  w i t h  ‘ id d
tests, i . e ., 1000 11001 MTBF o b ta in e d  ir a

l a b o r a t o ry  env i ronme-  t versus  52 r r o u t s ~~TLT
ob s e r v ed i l l  f i ~ ’l d  • t s - - t t b e  ~ ~me radios.

Fu t u r e  q - - n c r c t t i on s  of n et  rad ios wi  I I ho u u u  i pp - : c
• w i t h  a COM SEC ~ap ab i l i t - y .

- ‘!IF r a i l  os w i l l  on - -: some i i ;r r e i a :  in f i c ~~uency 

i~~h, - • • . - 30 to SF ltr , to ~nycn~~ >i ite a
~~~ m or e  oh - v - n  IS -
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The only f u t u r e  requi rement  for  HF radios appears
to be in map of the earth (NOE) aircraft communi-
cations applications. Long-range radio conununi-
cations of the f u t ure w i l l  be achieved usi ng
satel l i te  f a c i l i t i e s .  Special Forces may also
continue to use HF radios.

All—digital net radios will be in the field by
the year 2 0 0 0 .  These radios are not in explora-
tory development. However , the di gi tal  radio
wi l l  not have the large dynam i~c ran ges that can
be e f f ec t iv l ey  handled by analog radios.  Thus ,
by 1985 , radios wi l l  not be a l l — d i g i t a l  but w i l l

• employ more d ig i t a l  c i r c u i t r y ,  such as in the
frequency syn thes ize r s.  The basic VF and IF
stages will remain analog .

The advent of a l l -d ig i t a l  manpack radios would
impose d i f f e r e n t  test requi rements .

C.2.l.4 Communications Sciences

Respondent: Mr. R. Riehs

Comments:

The cost of current  inventor ies  of such large
quant i t i es  of equipment as the manpack VHF
radios and handheld gear wi l l  be the pr inc ipa l
factor mi t iga t ing  against  rapid replacement of
these systems in the future . Thi s inventory of
250 ,000 items with the large , ex i s t ing  logistic
tail  is an overridding considerat ion in the
determinat ion of the optimum time for  in troducing
new technologies.  This equipment cannot simply
be thrown away. Thus , systems l ike the new

• SINCGARS radio family wi l l  remain in the inventory
for many years .

The major  obstacle to fu tu r e  size reductions in
equ ipments made possible by the advent of LSI
technology is the requirement for  human opera tors
to access the control knobs on equi pment f ront
panels. Thus , a l though equipment depths may
approach zero , a minim um f ron t  panel dim ension
must be maintained .

C-l 5



k . There may be no need for individual pie ces of
test equipment in the field by the  year  2Ci~~C.Test ing  wi l l  be l a rge ly  accomplished by B I t O ,
organic to the fielded assemblages.

Future  test equipment , at the h igher  e c b 4 - I O r :; of
maintenance , will incorporate microproccsser~ rem
wi l l  be f u l l y  programmable .  BITE , incorn-oratt :d
in communica t ions—elec t ron ic  ( C — E )  equ ipment ,
w i l l  give an indica t ion  of po ten t ia l  f a i l ur e
condi t ions  and wi l l  in form the operator when ct
p a r t i cu l a r  module needs rep lacement .  T h i s
capab i l i ty  should be avai lable  by the year  2 0 d 0 .

• The shortage of t ra ined personnel  to operat e  ar id
m a i n t a i n  the f u t u r e  genera t ions  of C — E  eq u ip o e n t
w i l l  be a serious l imita t ion . It wi l l  nu t  Pt
economical ly  feas ib le  to sta f f  the numbe r of
f i e ld  maintenance  vans that  would be r e c v i i r e d .

• . Future gener at ions of C-E equipment  must  he
capable of se l f -checking  and au tomat ica l ly
swi tching in redundant  components or c i r c u i t ry
when f a i l u r e  in fo rma t ion  on a pe r iphera l  t e l etyn c
wi l l  be provided the operator .  This  i n f o r :n u t i o n
wi l l  include ins t ruc t ions  to the operator as to
what actions he must take . All the operator wi li
be required to do is push the indicated butt --re ;
in response to the p r i n t o u t .

C-E equipment wil l  become i nc r ea s ing ly so r h i st ~~c : - t e i
in the future and the human interface will v-se a
serious problem . The q u a l i t y  of f u t u r e  op e r a t o r s
must be improved .

The t h rea t  of e l ec t ron ic  w a r f a r e  w i l l  c o n t i n u e
- ,  grow . The basic in tell i aence  th rea t  mus t  somehow

be countered . Future  C— E systems must  be des i o n -  d
to be i n t e r f e r e n c e — p r o o f .  This  r e q u i r e m e n t  w i l l
f u r t h e r  add to the complex i ty ,  cost , and s i z’~ of
the e q u i p m e n t .  By 2000 , techniques w i l l  ht:
a v a i l a b l e  to prevent  the enemy f rom d e t ect i n~ t h (

• presence of an act ive e lec t romagnet ic  em itt er ,
thus ensur ing  a low p robab i l i t y  of interc- ~~

- + .

the absence of an in te rcept  c a p a b i l i t y ,  t h e
w i l l  not know where to direct his jamrners.

- C— l6
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Spread-spectrum techniques w i l l  be widely employed
by 1990 to reduce vulnerability to hostile threats.
Psuedo-random coding w i l l  be u t i l i z e d  to make
successful intercept even more difficult. These
tech n iques consume bandwid th  and reduce channel
a v a i l a b i l i t y .  By r educ inq  the enemy ’s intercept
c a p a b i l i t y ,  the antijam requirements are correspond-
ingly reduced . Eventually, the costs of such
systems produce an impenet rable ba r r i e r .

Homing miss i l es  w i ll  he developed by 1990 tha t
can seek out and des troy enemy ECM devices.

• Another  b a r r i e r  problem is the s e l f - j a m m i n g  tha t
may occur w i t h  the p r o l i f e r a t i o n  of C—E systems.

As in the past , commun ica tions w i l l  con t inue  to
en joy  a lower p r i o r i t y  when compared wi th  a i r cr a ft ,
miss i les, and other weapons systems . For example ,

• integrated weapons systems , such as tanks , f i n d
d i f f i c u l t y  in exchanging  an increased communica-
tions capability for reduced fire power.

t . The f u t u r e  of communica t ions  w i l l  show an increasing
rel iance on record t r a f f i c  at the expense of
voice t r a f f i c .  The use of voice communications
is inheren t ly  expensive and e x t r a v a g a n t .  Voice
communicat ions require  two or three time s the
transmission f a c i l ities as do record t r a f f i c  or
data. Ensuring voice recognition consumes a
large amount of the l imi ted spectrum.

High-speed data  t r a f f i c  w i l l  be widely  employed
by the year 2000. Coding schemes, error—correction
techniques , secur i ty, e~ c., will resul t  in a
corresponding loss in the amount of useful informa-
tion that can be transmitted .

Using new multiplexinq techniques , the channel
requirement for  mul t i channel systems should peak
at approximately six channels. Forty—eight
channel systems should accommodate 99 percent of
all future trunking requirements. Packet switching
at megabit  rates wi l l  be prevalent  by the year
2000. Data will be processed , however , at much
lower data rates.

- C-l7



C.2 . l .5  5v~~t cms

Responden t :  Mr . B. K u l in y i

C o m m e n t s :

With respect to the  t ec h no l og y  areas  of Lf I
for cominunications/automatjc data n h u c - s s ;
applications such as multiplex systoms~ iltv-i :i :s ,
and fr e qu en c ~- ’ cont ro l  dev ices , the  uri rr -a ’ i rmr ri—
tions to future orowth lie in ccnsidc- ;-at .- - S

re la ted  to q u a l i t y  ass ir an c e  and economics .  ~n
many situations , it  would  be un cu oo i~~~t i  to
a p p ly  P SI t e c h n o l o g y ,  oar t i cj i ir l - ;  when t t~
quantity of an item in the T\ r mv i n v en t o r ;  m a y  or
rather small. For lnrqe produc t ion  t i n s , the
i n i t i a l  low y i e l d  a c h i ev ab l e  w i t h  LSI rhios w o u l d
be e c o n o m i c al l y  j u s t i f i e d . LSI ‘~i r c ui t r v  Ia
i n h e r e n t l y  complex and , in smal l  q u a r t i t i r - s , ;uoi
be quite expensive .

Quality orystals f o r  frc-rr rency cent rol are - i ~c u t ions
in rad io  se t - s  have a c h i ev e d  qood y i e l d s  as a
r e s u l t  of c e u a l i t y  cont rol met Pod s t h  a d a t a  cmc k
to World War II. For crvs~ als used in t 1 c - t - 5-C

appl icat ions , the number of parameters that must
be control led is limited as rumpae~ d to e ry st a . . -

~

t h a t  are to he used in t i l t e r s .  This :iv-s ~
r ou s l ;  a n a l o g y  to the  r sen ~ ~ .r i l  i~ as s u ran c e
erob lem in I S I  a n p l i - c i t i o n s .

rn -~~- a r t ’ -m s o n abie l e - .- c - l  ‘ ohi o ‘ ‘ i ’  ir
t or 151 ci  r- :uit r o , a - - : o im r i  t h e  ; - r o d u - - t  iv r.
f o l l o w e d  ho a s u b s e e r - n t  St i t t — u n  w i l l  a1~~ - e s
r e s u l t  i n  some m i t  . 1  d e nr a d  it  i c r  of r~ d u - ~~.

m i a l  i t . . Di t f e r e n  t f r o d r i - t ice i i  So , C
~~~~~

’

i r i d o r  s l i g h t  l v  different - o u n d i t  i o n s , ‘- c n r l . ~
necessitate som e modification t e  -a -  -

~ i~~ i r d
t : r e  a c t u a l  y i e l d  can on i  y h~ vined a t~ - r  

~*

minimum l e m ~ ning n od . H ence , send P :rad e ion
of i - u d - i -t  o r r m i i t c ’ em he ex t -~ - c t - - d  i n i ~ j a i l ’1 ‘~ ‘ . ‘

act i-;cr t inq r “ ca- -cad ’ or - nc -c r -o sl o  d o : r i - . ’
r i r ilic- tion t c c i l j t y  u n t i l  “ r ’ f - m r r ~ r r ° r t i i  1 ’ c ” l a s

run it s  c o u r s e .

T r n n i r i - i  c i i i  bc - m m aj o r  cons t ra int m r  t h . -  f i .trr - .
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By the year 2000 , data rates of 100 Mb/s w i l l
probably be commonplace. Upper l imi t s  for t a c t i ca l
data rates , based on requirements , wil l  be in the
neighborhood of 30 Mb/s. The eventual  TDM 100-Mb/s
systems will carry an aggregation of traffic ,
i .e . , intell igence, surveillance , communications ,
etc .

Switching rates wi l l  have to accommodate data in
the Mb/s range by 1985. Separate addressees will
receive , extract , and use port ions of this  megabi t
stream , perhaps at a rate of only a few doze n
bits/sec .

Solid-state RF generators will be increasingly
employed , particularly in transmitter stages such
as oscil lators, modulators, and f i na l  a m p l i f i e r s .

Electro-optical communications will be in common
use by the year 2000. Ultimate limitations to
this  technique wi l l  be determ ined by basic quantum
mechanics effects. Optical-to-electromagnetic
conversion method s wil l  f ind  app l icat ion in
signal processing.

The growth of SAW technology will be limited by
electromagnetic transducer d is tor tion and device
efficiency . These devices will compete with
crystal filters as candidates for future electro-
mechanical filters. SAWs suffer from many of the
defects that limit electromechancial f ilters ,
i . e . ,  dis tor t ior ., overload , dynamic range , and
transducer efficiency.

Future generations of antennas will be smaller
and , at the same time , more effic ient. This will
involve a tradeoff between contradictory require-
ments. New techniques and improved couplin g
methods will allow the use of trees , vehicles ,
airframes , etc., to serve as effective radiators ,
particularly at low frequencies in the 4- to
7-MHz range .

The use of vehicles and other metallic structures
as antennas of opportunity is complicated by the
inabi l i ty  to predict radiation pa tterns , e f f i c i ency,
and frequency dependence. This is primarily
caused by the lack of uniformity in body e lectr ical
contacts which makes each vehicle somewhat different
from any other vehicle.

- C-l9
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Helicopters  w i l l  be employed more f r equen t] . ’ as
airborne relays to achieve better radio cover-~o~~.This w i l l  r esu l t  in more predic table  communica-
t ions .

• By the year 2000 , vehicular  and manpack radio
antennas should be almost completely unobtrusive .
Fast frequency hopping and steerable nu l l  antenna
processors may serve as effective ECCM techninies.

Future communications systems , particularl y
mobile subscriber access systems , wil l  have the
capability of varying output power to match the
mission and technical requirements. This , in
turn , will result in a corresponding control  o~rer
received signal strength , depend ing on path loss .
By the year 2000 , the densi ty of net rad ios w ill
have pro l i fe ra ted  to the point where th i s  k ind  of
output power control will be essential.

The major problem area facing C-E designers over
the next 25 years is the e f f e c t i v e  matching of
the equipment to the man . The human operator
will be required to operate the I/O devices , turn
knobs , read meters, etc .; this requirement dictates
an ul timate lower limit to the size reductions
that can practically be achieved .

Superconducting receiver front ends could result
in Qs of 1.5 million in certain frequency ranges
with  correspondingly hi gh receiver se l ec t iv i ty .
A major  problem area with thi s approach wil l  be
in f i n d i n g  techniques for heat removal and thermal
control.

C.2.l.6 Communications Research

Respondent: Dr. F. Reder

Comments:

The technology areas that are of primary interest
to the respondent are :

— An tennas
- Opt ical  f ibers
- Communications in built—up areas
— Ionospheric effects on electronic systems .

- 
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Many military antennas will have become incon~~~ic uousby the year 2 000 . These small  antenn as w i l l
still retain a wide operating bandwidth. S1u d i -~s
of the interaction of small antennas with their
mounting platform are in progress.

• Fast f requency  hopping techniques will have
matured by 1980.

• Antennas  w i l l  employ active elements  wh ich  W i l l
permit  a wide range of app l icat ions .  Thes~-antennas  wi l l  be used in both the t r a n s m i t t in g
and receiving modes.

Optical  f ibe r s  o f f e r  the advantage of secui c a m i d
i n t e r f e r e n c e — f r e e  operation . By 1980 , methods
wi l l  have been developed to detect hos t i le  t a l t o e r in g
wi th  f ibe r  optics t ransmiss ion media .

. The major  problems associated wi th  communicat i~~ris
in bu i l t -up  areas , i . e . ,  from basements , b e n e a t h
rubble , e t c . ,  w i l l  have been solved by 1990.  A
growing data base in this  area is being collect ed
by local police and f i r e  departments.  Ex isting
equipment using new methods of operation w i ll
funct ion in this  role . The problem of f r i e n d l y
emit ters  operating in physical  prox imi ty to
hostile interceptors will be overcome throug h th e
use of adaptive techniques to reduce tran sm i tter
output power , signal hiding using noisel ike
signal ing to transfer  informat ion , and authentication
measures to detect enemy spoofing .

• Operators will have to be trained to use their
ingenui ty  in overcoming problems associated wi th
b u i l t — u p  area communications. For example , a
small displacement in antenna loca tion can resul t
in s izable  increases in s igna l—to—noi se  r a t i o s .

Considerable improvements can be expected in
antenna couplers. Coil wraparound techniques can
be employed to t ransform steel structures int o
effective radiators.

Complete transmission security (i.e., hidden
emission) is a requ iremen t fo r inte rci ty commun ica-
tions. Signals will be hidden in noise to prevent
their detection by an enemy in proximity to the
friendly user. Standard encryption techniques
will not suff ice.

- 
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- Cons ide~~aio r e - S e a r - 7 i ~s rr - u ir o  3 - i~~~ e
e f f ec t s  of i en o s j  P er l e  . r~- ; u m l  it- s on n-i
and communications s’-’st .. - rrs . L o c a t  i on aC ;~~~~ac- ,
recluirernentu have increased from ki for t ters ~ o a
few m e t e r s  - These :ed.; I 1 u C t : f l t S  I - :s s  it ac  e 1 ~~~~

look at the i o n o s r - h v r - . - .

• Ionospher ic  s tud ies  w i l i  not hr reutrirtes to ne
convent iona l  l iv e - ru  but -. v i i i  cons ide r the - - i t  ire
charge space in i r lu d i n t Phe p1 a s n a r ~ L-t c r o .
.1990 , the problems assoc ia ted  w i t h  s c i n t i l l a ti on
e f f e c t s  wi l l  have been solved . Th i s  will b
p a r t i c u l a r l y  impor tan t  to c-quatorial and h i u h — -a l t i t v ;c i e
reg ions. P r e s e n t l y ,  s c i n t i lt a t i o n s  l imi t  corTlm ’Jr i -
cations and navigation reliability.

A new phenomenon associated  wi th  s c i n ti l l . et ions
must be invest igated. The intensity of scintilla—
tions has been observed to increase at GHz fre—
quencies , whereas t h e o r y  would d i c t a t e  a decreasc-
in this intensity. Spatial and temporal correla—
tion techniques will b~ employed in an effort to
predict scintillation behavior.

The presence of a gravitational wave structure in
the ionosphere and i t s  adverse a f f e c t  on HF
d i r e c t i o n — f i n d i n g  systems w i l l  be inv es t ic ra t ed .
By 1990, ionospheric soundings taken directly
overhead will provide information on conditions
far removed from the observer caused by the
presence of this g eivitational wave structure .

C. 2 .  ~ Avionics  Laborat o ry

‘. 2 . 2 . 1  Env i ronment  Sens ing  and i n s t r u m e n t a t i o n

Pc ~j ec n d on t :  Mr.  P .  Cr u i c k sh c i r r k

- oxiien t S :

The two t echne lo J -/ a l e ~~s t h a t  are of primary
interest 1 c t o  l o t -  c a Pe - i  t are

— Instrumentation
— Environmental sensinq.

C-22
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By the year 2000 , control  panels , d i s p l a y s,
switches, and instrumentation will have become

- . in tegra ted , wi ll be mod u lar in con st ru c t ion , w i l l
employ di g ital signa l ing  and add ress ing , an d w i l l
be microprocessor controlled . The display will
i n t e r face  dig it a l ly  with th e processor and wi ll
operate in an in teract ive mode . Both engine  and
f l ight informat ion  wil l  have become integrated
and will  be viewed on a common f l a t-pane l  d i sp lay .

The processor w i l l  be capable of inse r t ing  map
symbols , a s well as other mu lt ilegend data su ch
as target  e levat ions , na ture  and location of
i r rad ia t ing  signals , e t c . ,  di rectly on the d i sp lay .

• Future integrated control/display panels will be
minia tu r i zed , hi ghly rel iable , and w i ll consume
l i t t le  power . The f l a t — p a n e l  displays wi l l  be
fab ricated from a solid-state (LED , LCD , light
emit t ing f i lm , e t c . )  luminescent media.

• Sensors , displays, computational c~ pabi1ity , data
bus , control switches , e tc . ,  willt be des igned as
a common integrated system .

• By the year 2 0 0 0 , 60 pe rcent of the f l a t -pane l
displays wi l l  be solid-state, 30 per cent will be
CRT , and 10 percent wil l  be e lect romechanical .
Displays wi l l  be of the “heads up ” c o n f igurat ion
and mounted either on the instrument panel or as
an integral part of the pilot’s night vision
goggles. The pilot wi l l  thus be able to view a
night  scene wi th  superimposed , computer-generated
symbology .

t . Wire obstacle warning (WOW ) systems wil l  have
been instal led on all Army tact ical  a i r c r a f t  by
the year 2 0 0 0 .  These wi l l  permit low light
leve l , n ap of the ea rt h f l igh t pro f i l e s  at a lti tu des
below 50 f ee t .  The pi lot  wil l  thus be able to
safely operate hi s a ir cr a f t  as well as e f f e c t ively
discharge his  stores in a combat envi ronment .

• 120 inches of total symboiogy will be available
for  d isplay  at a speed of 1.2 ms to present a
complete system/environmental picture to the
p i lot .  Di g i tal  m u l t i p l e x i n g  wi l l be employed to
permit simultaneous program control of up to ten
d i f f e r e n t  equipments  such as aircraft radios , 1FF
devices , navigation units , etc .

C— 23
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• B~’ t I-me year 2 0 0 0 , s o l i d — s t a t e  a lt i m e t e r s  and low
arrspeed instruments will have a digital readout

- and a microprocessor -cont ro l led , f l a t - p a n e l
- 

- -
‘ 

d isplay . Ear ly  models of this  equipmen t w i l l  be

~~~~ 

- avai lable  by 1990.

. By 1990 , the next generat ion of Army a i r c r a ft
systems w i l l  employ two d i sp lays , one for  ver t ica l
s i t u a t i o n  ind ica t ions  and the other to present

- 
- 

- 
hor i zon ta l  s i t ua t i on  ind icat ions .  A d igital

~~ f light d i rec t ion  system wi l l  have replaced the
analog f l ight d i rec t ion  system .

• Future genera t ions of A rmy tac t ica l  ai rc r a f t ,
circa 1990—2000 , will be configured with a complete

- suite of environmental sensors to per fo rm such

L 

- func t ions  as wire  avoidance , t e r ra in  avoidance ,
- - 

- 
t e r r a in  fo l lowing , precision landing , homing,
s ta t ionkeeping, rendezvous , etc . Microwave ,

-
. mil l imete r  wave , and optical wavelengths  wi l l  be

employed . Multifunctional laser devices , operating
from 10.6 ~m in the  case of the C0 2 laser to
1.9 ~mm for  the GaAs laser , wi l l  be e f f e c t i v e  at
ranges between 1000 to 1500 feet  for  use as
target  designators, d is tance-measur ing  equipment
( DME) , and terminal  homing devices.

- 
T~~ -~~~~ cost des igns  for  CCD , linear arrays , image
i nt e n s i f i e r s, and GaAs laser  i l l umina to r s  wi l l  be

- in the  inven to ry  by 1985. .

- 1- mu !ti{unction , sophisticated , low—level terrain
•~-~-o: crance warning system , us - - c  a 10. 6 am CO 2
‘ a s e i  , w i l l  he av al  lable by l~~9u . The system
c i f e r s  an ex c - :- l i e nt  p o t e n t i a l  fo r  h igh  p r ec i s i o n
~-e r r a i n  avoidance  an d  t e r r a i n  f o ll o w i n g .

. n e n tr e m e ly  Sohhisticat .od niyht vision capability

~- i l t  be ava i l ab le  by 1990 using filtering,
( c e c tio n , and processing techni ques t h a t  w i l l
~tective1y operate at l w  power levels to detect

~- i r e  obstacles  i n  a l l  sky/background e n v i r o n m e n t s .
The sensor devices will employ e i the r  n i t r o g e n  or

- ~hermoelec t r ic  coo l ing .

. fly 1990 , the ma in  h a r r ier  problem to l o w— l e v e l
a r~~r~ f l i g h t  ope ra t ions , i . e . ,  t e r ra i n  ~ol lowing

— and wire obstacle avoidance , will have bee n
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At a l t i t udes  below 50 feet , gradual changes in
the t e r ra in  and the presence of hanging wires
present a harza rd  to a i rc r a f t , p a r + - i c u l a r ly  at
night . The development of sensors , opera t ing  at
very short wavelengths , that will detect small
dimensional structures , such as wires , and gradual
changes in the elevation of the t e r ra in , will go
a long way towards overcoming this barrier problem .

C.2.2.2 Airborne Systems and Communications

Res pondent: Mr.  J. Duffy

Comments:

Airborne communications equi pment h i s t o r i c a l ly
proceeds at a rather slow evolutionary growth
rate with separate generations being in service
for  20 to 25 years. This trend is expected to
continue in the future . Thus , equipments in
development in 197 6 can be expected to be in -

operational use in the year 2000 tine frame .

Future generations of airborne communications
equi pment wil l  be smaller , l ighter  by an order of
mag n itude , and individual  a i rc ra f t wil l  be equipped
with a multimode radio capability , i.e., VHF-FM ,
HF , SSB , UHF , etc . Component designs have followed
the overall technology trend from vacuum tube
circui t ry  to t ransis torized conf i gura t ions , and
f i na l ly  evolving to LSI chip fabr ica t ion . The
frequency band of interest  to airborne communi-
cations designers  is current ly  in the 2- to
400—MHz range , but by the year 2000  this  opera-
tional band will have to shift upward to the
microwave and mi l l imeter  wavelengths .  Thus , in
the l950s , a i r c r a f t  radios were la rge , used
vacuum tube technology,  weighed in excess of 40
pounds , and there was but one r~adio set per
a i r c r a f t .  By the l960s , the operational  radios
were the AN/ARC-l02 , AN / ARC-54 (FM ) , AN/ARC-73
(VHF ) , and the AN /ARC-5 1 (UHF )  . In 1966 , a new
series of t rans is torized radios was developed ,
the AN/ARC- 1l4 , 115 , and 116. We cu r r e n t l y  have
a nap of the ear th  (N OF - ) communications test and

a ana lys i s  prog ram to arr ive at a candidate  system
that will provide reliable communications from
0 to 50 km at NOE at t i tude .

- 
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No r a~ - I i cem ei it  I s current L y p Care ; 1 icr ~i - 
--

e n u~~~grar n t: ; however , t h -r  result:; of Le Yb ~t f ) ;C i f

may m i t  3 a t e a r e q u ir e -m on t  fo r a nc~-: P n~’st -ic .

The overa l l  t rend  in  a i rcr a f t  r ce l lo  c 
~~~~ 

- n - c a in ;
the past 25 y e ar s  h-a s been as ~a I ~~ i- ~~~~~ :

— Four fo ld  r educt ion  in we i  c : I i ~ , tra :i 20 t o
8 lbs .

— S i x f o l d  reduct ion  in  s ize , f rom 800 to 15Cc
cubic inches

— Fourfold reduction in power consume-- La:

— Provision of an adciitional .-r - eceivc- r

- Incorpora t ion  of replaceable  PC boards (nc
adjustment required)

— Introduction of a rapid retuninq cagability

- Improved s t a b i l i t y

- In t r o d u c t i o n  of bet ter  f r equency  synthesizers.

Future aircraft radios , circa 1985 , w i l l  have
extended storage l i f e , bet ter  response , f r e q u e n cy
- . e l c ct i v i ty  cha rac t e r i s t i c s  that  wi l l  improve
undesired si gnal rejection from 50 to 80 dB , - . nd
ei.chareced receiver sensitivity . Compatible
automatic test equipment will have been de v el op e d .

The J \N / A P C - l l 6  w i l l  be replaced by the AN~’ \ RC —l 64
in an evo lu t i ona ry  piocess; the l a t te r  r a d i o  can
he expected to remain in the inventory  th rough
t h e  year 2000. This radio uses both solid—state
and IC technology, small components , and
state-of-the-art designs. By the year 2000 , all
Services will be using the same airborne radio
sys t ems .  F u t u r e  changes  to these ra d ios wi l l  be
r: ade en an evolutionary, incremental ba sis with
no w h o la s al  e rep lacement  being permi t ted .

The / \N / A PC—5l  w i l l  he in the f i e l d  beyond 1 9 8 0 .
The A N / A R C - l 1 4  w i l l  be rep laced  by the  SI ’~C f lAPL
f a m i l y  in ti -me 1986 tei rnr f r ame . The SIN ChAI - S
radios wi]l become the universal Y-t air h enru
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k
radio  equipment  by the ear ly  l990s .  Frequency
hopping w i l l  be used in these sets as an ECCM
measure . By 1990 , a i rborne  radios wi l l  employ
all solid—state designs.

Future  a i r c r a f t  rad io  procedures  wi l l  see the
emp loyment of short , preplanned messages to
conserve channel  capac i ty  and m i n i m i ze  hos t i le
in te rcep t .  Slow-speed data may be employed to

• far t h e r  conserve the l imited spectrum ava i l ab l e .
Simple p re format ted  messaqes w i l l  be t r an s m i t t e d
by the p i l ot by act ivating an appropr iate switch (es)

Sa t e l l i t e  communica t ions  to tac t ica l  Army a i r c r a f t
is not expected by the year 2000 . Recourse to HF
for  beyond l i n e — o f - s i g h t , NOE f l i g h t  p r o f i l e s
w i l l  be required through the next  25 years .

By the year 2000 , a i r c r a f t  systems w i l l  have
• become completely integrated and wi l l  be processor

control led. The on-board computer w i l l  completely
control the multiple rad ios , to include auto-
mat ica l ly  se t t ing  up the t r a n s m i t  and receive
frequencies.  This in tegrated a i r c r a f t  control
system (IACS)  wi l l  employ d i g i t a l  control  s igna l s
for  all avionics systems , to include 1FF , communica-
t ions , e t c . ,  and the control sys tem w i l l  be
automat ical ly  adaptable to the c h a n g i n g  ope ra t i ona l
environment .

By the year 2000 , a i rborne systems w i l l  be comple t e ly
modular , employ sta ndard ized  in ter f aces between
components , be computer control led , u t i l i z e
common message formats , and use effective error—correction
techniques. LSI will be extensively employed .
The pilot wi l l  be able to sw itch from one preset
f requency assignment  to another  w ithout knowing
or caring which spec if ic  f requency assignment was
being employed . Channe l  se lect ion, based on
channel a v a i l a b i l i t y, wou ld be accomp l i shed by
the processor . These features will have considerabl y
increased the complexi ty  of avionics  systems by
1990.

By 199 0, a i rc ra f t ra d ios will have a comp le te
self—test capability. The test e q u i p m e n t  w i l l
isolate f a u l t s  to the lowest rep laceable unit .

- 
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• By t he  y e - c r  2 0 0 0 , the technology w i l l  3
to produce m a j o r  r a d i o  subsys t ems  on s i  n~ 1 -
chip. Further size reduction will c i —  l e a  i c ’ -  i

requirement. At this point in time , t .~~~ - r a d i o
cou ld wel l  become - c throwaway i t e m .

The m a j o r  d r i v i nq  r orce in the USC: of  l~~ :; i n
aircraft avionics systems is cost as sc -fle et - -I i i i
ch ip  y i e ld . A 3—percent  y ie ld  car ;  be t o l c -r . .e -

if the chip production volume is lar-re e n .~ c 3 . .
For a manpack radio , this criterion presents no
problem . For a i r c r a ft  radios , where  pr o d u c t io n
vo lume is inherently low , use of IC technolocy

- -, 
may not be j u s t i f i e d  f rom an economic viewpoint.
The total population of aircraft radios for ~ilIServices w i l l  probably not exceed 25 , 000 u n i t s  by
the year  2 0 0 0 .  This is a small number compared
to the commercial  market  for  a i rborne  d ig i t al
rad ios.

A digiti zed airborne intercom control system -1111
be employed in Army a i rc r a f t  by 1990.  Interconrect:nc
digital circuitry , us ing  fiber optics transmission
media , w i l l  be cheaper and w i l l  provide b a n - I w i c i t h s
from 1000 to 15 , 000 G H z .

A i r c r a f t  nav iga t ion  systems that  wi l l  be is use
by the year  2000 include JTDS , PLRS , a nd the (‘PS .
These systems wi l l  employ a master  control  system
and wi l l  be capable of accura te ly  locat inc  a l l
f r i e n d l y  e lements  on and above the b a t t l e f i e l d .

• N i g h t  v i s ion  devices i n t eg ra t ed  wi th  d y n a m i c ,
computer-controlled map displays will be standard
avionics equipment by the year 2000. Fiber
optics cables will be employed as the interconnectinc
medi a . Exis ting a ircraf t  systems , circa 1976 ,
will begin a retrofit cycle , duri ng wh ich t h i s
equipment w ill be ins ta l led, commencing in 1990.

‘ . 2 . 2 . 3  Air Traffic Management Systems

i a p c n d e c c t :  M r .  J .  Saganowich

(ommen$-s:

• T b ’  t e ch n o l o g y  areas t h a t  are  of p r im a r y  i n ter e s t
to t he respondent are :

— Instrument landing systems
— A c  r L r c l t i c  m anagemen t
— A i r c r a f t  co mm un t c T ct i o n s  equi pme n t
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— I n t e r f a c i n g  c iv i l  systems
- Ground control  approach (G CA) r a d ar s
- A i r  t r a f f i c  control
— Transponders
— Computer control  techniques
- Displays
- I n f o r m a t i o n  processing .

S tandard iza t ion  of systems , signa l ing  f o r m a t s ,
procedures , e t c . ,  wi l l  con t inue  to be a significant
goal in the fu tu r e .

Technology poses no problems to the recent l y
acquired executive management r e s p o n s i b i l i t y  for
the DOD port ion of the na t ional  microwave l and ing
system .

Future  developments w i l l  tend to move to h iqher
f requencies, i . e . ,  Ku band , from 15.4 to 15.7 G H z .

Future test systems will be required to function
over the ent i re  radio spectrum . This equipment
wi l l  be capable of handl ing a var ie ty  of sub-
systems , wi l l  be preprogrammable by the simple
insert ion of cardl ike elements , and w i l l  print
out specific corrective measures to be taken by
operators. By the year 2000 , automa tic test
equipment wi l l  have the capabi l i ty  of m e a s u r i n g
the important parameters associated with
spread—spectrum techniques.

Adoption of U . S .  s tandards by the i n t e r n a t i o n a l
communi ty ,  such as those which  apply  to s igna l
formats , w i l l  have an impor tan t  impact on f u t u r e
tes t ing requ i rement s .

By 1990 , automatic  test centers w i l l  have been
established for the testing an d repair of electron ic
avionics equipment.

The Pos i t ion  Locating and Repor t ing  System (P L R S)
curre n t l y  under test wi l l  be upgraded f rom one
master and 17 user stations to one master and 64
user s t a t ions .  This  system w i l l  be dig i ta l , w i l l
provide precise r ang ing  i n f o r m a t i o n , and w i l l
employ au tocor re la t ion  and long pseudo-random
sequencing  t e c h n i q u e s .  COMSEC w i l l  he implemen ted .
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h~~~~i-~ a . - l t i c  t e st  equipr ;k ’n t  w i l l  i -  -701 IL~~eof differe n t iating be ;:wec .- n equinc ’;e:e p r  e l i  cre s and
poor ‘ r n p c c q a t  con conditions. This equi- - c -et ;r :s~
indicat e ir lni i iec ; system potential for t~ i i  lu r e .

The basic PLRS c’ m13 e nc nt s will he c-rnre le:c-J
h - e ch  aircraft and crround vehicles.

There w i l l  he cons ide rab l e  f u t u re  a d v a n c t - s  in t h e
pilot’ s control and  display panels. Indications
w i l l  be f u r n i s h e d  as to such pa rame te r s  as d .ist .~r c~- ,
steering ir~1orm-ction , etc .

1FF equ ipment  w i l l  cont inue  to he; des igned f o r
L-band o p e r a t i o n .

• C . 2 . 3  E lec t ron ics  Technology and Devices Laboratory

C.2.3 .1 Solid—State Circuits

Responden t :  Mi - . Sproat

I ‘ q~ -~~~ ~ s :

The technology areas that  are of p r i m a ry  i n t e re s t
to the respondent  are :

- Signal  process ing
— Desi gn of c ir cu its
— M i c r o e l e c t r o n i c s
- Charge-coupled devices.

Increased us ;c ’ of l i n e a r  ICs can be expected in
the f u t u r e  for  h a n d l i n g  h igh- f r equency  ( 100 M !i :  -

1 G H z )  a na l o g  s i g n a l s .

. By 1985 , CCD memory devices w i l l  be wide l y used
in the field and w i l l  no lonqer be a l a b o r a to ry
curiosity. CCD memories may emerge as a third
level of memory,  located between the m a i n f r a m e
memor -j  -and  t h e  h u l k  a u x i l i a ry  memory .  CCD memor i e s
.j l l  f i n d  w i ; . l -  i p a li c a t i o n  in imaae i n t e n s i f i e r s,
sionni processors , in f r a r e d  detec tor s, etc.
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CCD technology has the advantage  of p e r n c i t t i n ( :
the h a n d l i n g  of signals on an analog basis , hut ,
at  the same t ime , u t i l i z i n g  the c a p ab i l i t i e s  of
d i g i t a l  t i m i n g ,  s y n c h r o n i z at i o n , etc . Thus , t h c
best of the analog and d i g i t a l  wor lds  can be
combined in these devices. The CCD devices
operate on s ignals  in an analog format. Timinc ,
control , and master  clock signals  would a l l  use
digi tal  signal forma ts. No A/D or D/A conve r t e r s
would be required .

By 1980 , i t  w i l l  be possible to add the control
c i rcui t s  to the CCD memory chips provid ing  a very
compact , low cost design. By 1985, the ach ievable
resolut ion  on s i l icon substrates w i l l  permit
h igh -dens i ty  programmable CCD co n f i g u r a t i o n s  on
sil icon chips of a few hundred mi l s  square . This
w i l l  represent a slight increase in size over
non-programmable devices.

• . In order to be cost e f f ec tive , current custom-built
CCDs will evolve to more universal designs.
Unt i l  th is  evolution takes place , it wil l  be
d i f f i c u l t  for  CCDs to compete in the d ig i t a l
world.

• In order to amort ize  the cost of custom mono l i t h i c
LSI dig i tal  signal processing devices , such as
used in radars  or SINCGARS , the production volume
must  be in the neighborhood of 10 , 000 to 100 , 000
devices.  Through use of computer—aided des ign ,
this  required production volume wi l l  be cont inua l l y
lowered in f u t u r e  years .  When size and weight
are of paramount importance and cost is seconda ry ,
custom LSI in volume s of hundreds or even tens of
u n i t s  may not be uncommon .

By 1985 , tapped CCD delay l ine s w i l l  be used for
mov ing target  detect ion and range/velocity
d i s c r i m i n a t i o n. Tapped delay l ines  would be used
to sat isf y the moving ta rge t  indication (MTI)
function in which stationary target returns would
be cancelled out.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~- — - — — -
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by 1985 , a01 : d — e t - j t e  ~Cs will he widely e r ::I - c. e
in i n a t c i ; o - ~ filt e rr , s J r : - o1—s 1 ec t r u m  pr  o - -sa ~ 5,
c o r r e l at o r s , and o the r  p rog rammab le  d c v i
Hi gh resolution spectrum analy7ors , usi  n~ chi rp- .
or F our i e r  transformations to operet - o n  a a ; c - l - i
d ita , ~‘ili be ab le t o  detect az-c d aaz l - -ze f i r  at ac ;
responses over wide spectral rar cires . Re the 1- e~
f re q u e n c y  end of the spec t rum , th is  c i r c u i t
t e c l i no l -e g e  w i l l  p e r m i t  b a n d w i dt h  compress IC - ! i
a p pl i cit  ion s , such as would be rec~ui 5 in vr code~~r .

The ma j o r  barrier problem that must be o y , - i ( - -
with the silicon CCD5 is the thermal lcaioz :c-
current which tends to saturate the c har c e  o n c - I S
and wipe out the stored data. This p r ob i e n e~
limits ]ow—frequency operation where th- - s am l i - ’d
signal must he retained for a long time . T h i e
storage time is highly  sens itive to t cnme a t i z r -’
change;; and tends to half for every 80 Cel s i us
rise in temperature. In the case of ftc eeismic
and acoustic detectors used in the Remotel y
r-lonitored Battlefield Surveillance System (Pt~-ifAHf )
the frequencies involved are in the neighborhood
of 1 to 100 Hz and leakage cu r r en t  becomes a
fundamental limitation .

By 1990 , CCD arrays will likely be fabricoted
using GaAs. This will overcome the current CCD
l i m i t a t i o n  p e r t a i n i n g  to speed and storage t i l d c e s .
Speeds exceeding 1 GHz and storage times exceedirec
1 minute can be expected.

CCD re- on es , a i t l m n u - 2 h currently requirira serial
a”ce-ss , have certain advantages over RAMs.  The
CCD a rr ay s  are one-ha l f  to one-quar te r  the si ze
i n  h i t s - ’r n i l 2 as ~ flS RAM . Thus , a 16—k b i t  CCD
. -; o-i i~~ i ccupy the same chip area as a 4—k bit :~R M .
The techno l oq~~es are roughly equivalent , the  c h ip
ar e a s  a r e  comparable , and the costs are the same .
For computer applications , the impl icat i on is
that t h ~ s i z e  could be reduced by one -qua r t e r  or
f l- n t  50- ;r  t i m — ~s the memory could be con ta ined  ~n
tee San -;pace . The conservative approach wo’il .d
he fo  use the  more f a m i l i a r  RAMs , hut if a two to
th ree  t i m e s  cost a d v a n t a g e  can be der ived , a
s w i t c h  can be expected to the new CCD computer
memory.
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The access times fo r the CCD memory are inherent ly
slow . Bit lengths of 1000 hits or more must be
ser ia l l y  scanned bef ore a des ired addr ess is
obta ined . This  resul ts in access t ime s of ten ths
of microseconds.  MOS RAM s w i l l , t he re fo re,
continue to be used in increas ing  numbers when
f a s t  access t imes are required .

The RAM memory wi l l  have replaced the older core
memories in the vast m a j o r i t y  of new equipment  by
1985 p rov id ing  capaci t ies  of fr om l0~ to 106 b i t s
per device .

The CCD memory will probably evolve as an intermediate
memory between the f a s t  m a i n f r a m e  memory and the
bulk tape or disc memory. Again , the CCD memory
o f f e r s  a four  to one s ize  advantage when compared
to high-density N- or P-channel memories.

• MNOS memories will likely have replaced the
digital  disc memories by 1990. These memories
are non-volatile and do not lose information with
loss of power . They represent  the semiconductor
equivalent of tape memories.

• CCD memories are dynamic , have very low power
dissimpation , and can ha nd le ana log s ignals  over
wide dynamic ranges.

• There will be a rapi9 growth in u l t ra-h igh-speed
logic ICs, such as I Land silicon-on-sappline
(SOS)/CMOS devices. By 1990 , GaAs logic will
find increasing use in ultra-high-speed (1-2 GHz)
digi tal  processors.

The same technology fo und in the uni ts  under test
will  also have to be emp loyed in fu ture automatic
test systems . Thus , SOS techniques , providing
high speed , low power consumption , and high
density will be employed .

• By 1985, microprocessors for use in secure communi-
cations systems will have been fielded .

By 1990, CCD signal processors wi l l  have become a
standard product for use in several Army equip-
ments.
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• The evolut ion of IC ma te r i a l s  have been f rom PMOS
co NMOS to bulk CMOS to I2L to SOS and eventually
to GaAs . In comparing 12L wi th  SOS , 12L has
h igher pack ing dens i t i e s  and both li near and
digital circuit configurations can be placed on a
single chi p.

• Fu tu re  growth  in LSI technology wi l l  lead to
replaceable, throwaway modules;  h i g h l y  complex
designs;  and conf igu ra t ions  that  occupy less
space and perform more functions.

The equ ipments of the year 2000 , such as the
AN/URC-78 derivatives , wil l  emp loy mul t ichip
hyb rid circu its in hermet ica l ly  sealed pack ages.
Monoli thic  memories w i l l  be widely  used and
subsystems using m icroprocessors wi l l  possess a
se l f - tes t  capabi l i ty.

C.2. 3.2 Power Sources

Respondent:. M r .  D.  Linden

Comments:

The ma jor met rology problem associated wi th
ba t t e r i e s  is the ability to obtain meaning ful
predi - t i ~~e i n d i c at i o n s  of r -ot e n t i al  ba t te ry  l i f e .

-w~-r sin:. I - e ; for  nh I arc er automatic test

~~ st en - ~ r ei  - : i  s Ui red a problem as these
syst en - v rec~~~n ie~~~r f~~om dedicated power
sour~ e-

• i t u r c -  ant ; a~~i- - c t - :- -u~ pment w i l l  employ pu l se
‘ - - : ~~ r i c i - s o d - — p i r o 1 ~ t tery charoe/cuischarge
- a e c i t _- i r t i a .

• l i t re tc:~ equipment should he capable of pre—
di c -  in -  - -at  i~~~ oh r. i n :  i n  any  opera t ional

-
~~ i ca t  ~ 1

Te- - a d e c u at o l  t e s t  s t o r age  b a t t e r i e s  it  w i l l  be
necessary t know the b a t t e r y ’ s previous history.
- t o r  age ha t~~ ~es wi ~ I cen t  f l ue  t o  be charqed

~~~‘ r J u c i a  ~-‘ :
- t r m  t n t -  ~-~~u i :  m c i  t wi th w h i c h  they  are

1ISE�e .
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• By 1990, batteries w i l l 1have become more ct a n d ar d iz e d
and single battery typ9’s wi l l  be ca pable of use
in many different equ/pments.

• Future radio equipm~~ ts , such as the AN/PRC-77 ,
wil l  have battery  ~fiargers as part of the basicassemblage . Thes~ / radios  w i l l  con ta in  au toma t ic
test equipment tl~át wi l l  be capable of testing
the batteries. /

• Future battery/designs wil l  be more closely
controlled tofrcake their behavior more predictable.
Thus , batteri~és of any type made by a number ofmanufacturer~ will all exhibit the same discharge
characteris~’ic. The objective would be to achieve
a f la t vol~’age discharge characteristic.

• Presently/ the inorganic lithium battery shows 
—

the most
,,
4Droniise for the future .

C . 2 . 4  Combat Sury ’~ i llance and Target Acquis i t ion  Laboratory

C.2.4.i Special/Sensors

Respondent: Mr/ 3. Schoening

Comments: /
• It will be too expensive and time consuming in

the fu t ure to send repai rable  c i rcu i t  boards back
to a depot m a i n t e n a n c e  support leve l or to the
m a n u f a c t u r e r  for  r e p a i r .  B u i l t - i n  test equipment
w i l l  be required tha t  can isolate  and diagnose
f a u lt s  to the component level .  Such equipment
will be needed mainly at general support locations.

• Computer-controlled aut~ atic test equipment will
- 

be available to calibrate and test all types of
C-E equipment by 1990. Extens ive use wil l  be
made of in terface  boxe s to couple the equipment
to the processor.

. The hardware that  is at the advance development
or engineer ing development stage today will be
the equi pmen t in the field from the mid-1980s to
the year 2000.
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Radio data links for transmitting sound-ranging
data will be in the field by 1985. This equipment
will be first introducted in 1979.

• Some circuit cards will be so expensive that a
capability must be provided for their repair.

A major  maintenance problem exists with current
high-density LSI configured equipments in the
unreliability of soldered connections. Automatic
test equipment of the future will have to diagnose
and locate this type of f a u l t .

. Hi ghly sophisticated automatic test equipment is
already being employed on production l ines.  For
example , microphones can be automatically tested
to give a readout of the frequency versus sensitivity
characteristic in a matter of minutes versus
several hours under manual techniques. Much of
this capability, such as spectrum analyzers , will
be developed by industry without government
sponsorship.

As long as tube artillery remains in the inventory ,
accurate meteorological data will be required .
For the 8-inch and 155-mm artillery weapons ,
meteorological data over an altitude of 12 km
will be required with an accuracy of +1 knot for
wind velocity and +5 mils for angular data.
Temperatures will 1~ave to be measured to within  a
degree Celsius.

C.2.4.2 Photo—Optics

Respondent: Ms. M. Levy

Comments :

• The future trend in photography will be towards
faster , dry f i lm processing techniques. Night
photography will receive considerable emphasis.

By 1990 , computer-controlled automatic test
systems will be widely employed for testing
electronic auxiliary equipment associated with
camera systems.
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The combining of image i n t e n s i f i e r s  ~~~Ll 
subsystems w i l l  be common by 1985 for niaht
applications.

The use of ho lograph ic  techniques w i l l  o- c r c
new testing procedures.

. By 1990 , optical signal processing w i l  1 e w i de l v
employed .

. By 1990 , lenses wil l  be designed and tested us ing
computer-aided techniques.  Computers w i l l  he
employed fo r  the predictive analysis of photo-
graphic equipment and films .

C.2.5 Communications/Automatic Data Processing Laboratory—
Center for Tactical Computer Sciences (CENTACS)

• C.2.5.l Computer Sciences

Respondent: LTC. A. Salisbury

Comments:

• The systems that will be in the field from 1980
to 2000 will contain today ’s (or even yesterday ’s)
technology. These systems include TACFIRE ,
bat tery  fire control systems , Army Security
Agency (ASA) equipment , the AN/TSQ-73, QCS , etc .

. The QCS , redesignated the Tactical Computer
System (TCS)  may well become the principal sub-
system for the TOS . As such , it could constitute
a terminal for the TOS.

• Future systems will contain BITE . The EQUATE
(ATE) concept will complement BITE for higher
echelon maintenance facilities where repair is
actually performed .

. A major product improvement program for the
future will result in the replacement of pro-
cessors with emulation devices. This will present
an entirely new set of requirements for au t~ rr -a t i i c
test equipment. The emulator subsystem will
provide the- same computer functional c c r t o r z n cnc
will operate on c u r r e n t  s o f t w a r e , and w i l l  }
compatible with existing computer syst~~n ; . T h i s
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approach will broaden the competitive base for
such items as the control data processors in the
TACFIRE system . Considerable economic advantages
should result.

The increased use of LSI wi l l  assist  in el imina ting
the current problems associated with the poor
rel iability of connectors .

Because of the large inventory of older state—of-the-art
radios , the manu f a ctu re of germanium trans is tors
will have to be continued into the future.

The choice of emulators  to replace processors
w ill drive down weight  and size , add more memory ,
and result in a general increase in functional
capability .

Con tinued d ig i t a l  message device (DMD )
• development/ improvement wi l l  reduce the size and

weight of manpack devices. These devices will be
used by forwa rd observers , wil l  contain BITE ,
wi l l  emp loy customi zed LS I cir cu i ty , and w ill be
carried with the radio. The weight reduction
currently predicted would be from 17 to 10 lbs.
This is sti l l  considered to be too much of a
weight penalty. Future improvements can be
expected.

• By 1985 , COMSEC devices wil l  have been integrated
as modules wi th in  the basic rad io sets and ADP
terminals.

• The use of microprogramming emulation will alter
ILS concepts. The LRU can be a form—fit-function
module as LSI perm its CPUs to be put on a single

• card . Piece-part logistics below the card level
- ~- - wi l l  be complicated if d i f f e r e n t  in te rna l  designs

are used . Throwaway ca rds wi l l  solve this  di lemma
when economics perm it .

- ‘ - . Main tena nce concepts wi l l  be revised in the
future. This will result from the widespread use
of microprocessor emulators.

Electronic circui try w i l l  have replaced most of
the electromechanical control devices by 1990.

- 
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• Serious consideration is beinq given to a

concept as opposed to the conventional r: -tr -~r
embodied in the various echelons of mai nte c -n r
The widesnread use of LSI technology would r es  - l t
in t h e  e l i m in at i on  of test po in t s  and make acce~~:;
- c t  the  component  level quite difficult.

• Th -  f u t u r e  use of fault tolerant ISI/MSI desiuns
w ij i  make individual component failures , such as
~ l og i c  iste , rather inconsequential. l-Tquioments

w i l l  b~ :l ~~e to detect these failures and makea- t a r - a r  ic - -en p o no rt  substitution or reroutes
icr nrocessor control. Redundancy inherent in

ci~ cu~~ s ~vil 1 further reduce the need for substi~ urions .

• Soft—are maintenance will remain a major problem .
Failures or deficiencies in software packages
w i l l  be r econgu ized  as being as impor tan t  as
hardware failures . Latent deficiencies in software
that are not discovered until subsequent dep loy nent
must be correctable by delivering new software to
the field from a central software control facil ity.
Future test equipmen t will have the capability oc
determining whether the failure mode is occurring
in the hardware  or sof tware . Combination s i f
f a i l ure modes w i l l  also be detectable in real
t ime

• Future automatic test equipment will set up te S t

routines under microprocessor control.

• Training of personnel who are capable of servir~ r c
computer hardware and software will remain a
serious problem. Replaceable plug—in modules ,
with associated BITE that provides a go/no qo
i n d i c a tion w i l l  ease this problem . Circuit board
repair (when throwaway is not economical) will
e i ther be accomp lished at gene ral suppor t , depot ,
or perhaps by the manufacturer . Future systems
will be designed to be more fault tolerant. A
hi gh degree of component and c i r cu i t  redundancy
will be employed .

By the year  2000 , hi gh ly  sophis t ica ted , smal l
pa— kaging techniques will be common in mili tarized
C—E equipments. As requirements change , these
nighly flexible systems will be adaptable w i t h o u t
recourse to major system replacement. Future
systems will be totally integrated .
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. The future widespread use of LSI wi l l  result  in
lower costs and should allow some collapsing of

- the development cycle . Throwaway devices wil l
- 

- have become a practical alternative to costly,
time-consuming repairs.

The rapid growth of new technologies may drive
- corresponding changes in doctrine , i.e., the

employment of artillery may have to be redefined .

11~
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A P P E N D I X  D

PROJEcTED E Q U I P M E N T  CHARACTERISTICS

• Th is  appendix  descr ibes  the uses and qeneral character-
i s t i c s  of C—E e q u i p m e n t  th a t  w i l l  l i k e l y  he f i e l d e d  d u r i n g
the 19 8 5 — 2 0 0 0  time frame . Four generic equipment cateqories
were considered during this study:

• Tactical/strategic communications
• Avionics
• Target detection and acquisition
. Electronic warfare (EW)

• Ge nera l  t r ends in equi pment development and usage for each
category are discussed followed by descr ip t i on s of several
typical equipment items within the cateogry that are expected
to be fielded during the time frame of interest. Since it
was impossible to detail all equipment items likely to be
available, detai led descr ip t ions are provided only for
items considered representative of the entire cateqory
which are likely to be impacted by technological advances.

D. 1 TACTICAL/STRATEGIC_COMMUNICATIONS EQUIPMENT

In general , the equipment being developed under the
TRI-TAC Program will become the standard for providing both
strategic and tactical switched communications. TRI—T1\C
covers a wide ra n ge of equipment  types , i nc lud ing :

• System control
• Sw i t c h i n g
• M u l t i p lexers and modems
• Transmission
• Subsc r iber  t e r m i n a l s .

Fielding of this equipment will beg in by 1985. The
TRI—TAC equipment will gradually replace the current inventory
equipment until these equipments comprise nearly the entire
switched communications inventory by the year 2000. A
t y p ica l TRI-TAC nodal dep loyment is shown in Fiqur e D-l.
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In addition to TRI-TAC’ equipment , the SINCGARS family
- - of net radios is expect- ed to be fielded during the 1985

t ime f rame . The SINCGARS famil y will , h’: 2000 , rep lace  a l l
current inventory net radios.

The followinq subsections describe th e functions and
c h a rac t e r is t i c s  of several of these equipment items.

D .l ..l System Control Equipment

Four hierarchical levels of control have been defined
for the TRI-TAC Program :

• Communications System Planning Element (CSPE)

• Communications System Control Element (CSCE)

— . Communications Nodal Control Element (CNCE)

Communications Equipment Support Element (CESE)

It appears that only the CSCE and CNCE will require
significant hardware development. The CESE is peculiar to
each prime equipment item and the CSPE will probably only
require remote terminals off the CSCE processor.

The CNCE w i l l  prov ide dy nam ic control of a l l  equipme nt
located at a communications node. CNCE functions include:

• Monitoring equipment status

Combining/decombining internodal trunks and trunk
groups

Directinq equipment repair and maintenance .

A simpl i f i ed  block di agram of the CNCE is shown in Figure
D- 2 .

The CSCE is respo nsible  for the control of a communica t ion s
network  con t a in ing  several  CNCEs and their associated
switches. The CSCE does not require large amounts of
multiplex equipment but does contain three processors.

D . l . 2  Swi tching  Equipment

The au tomati c swi tchi ng equipment  be ing deve loped
under  TRI—TAC will begin to be fielded by 1985. By 2000 ,
automat ic  d i q i t a l  swi tches  are expected to replace  v ir t u al l y

D- 3
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FIGURE D-2
Simp lified Block Diaqram of
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all present. inve nto ry switches. Switching eeui pment beinq
developed runs from the large central office (AN/TTC—39
and AN/TTC—42) to small , all—digital switchboards (SB—3864
and SB-3865) . A block diagram of the AN/TTC—42 is shown in
Figure D—3. Automatic switching design reiies heavily on
processor and memory storage technoloqy and will be most
af f e c t e d  by changes in these areas.

D.l.3 Modem/Multiplexing Equi pment

TRI-TAC is developing a family of diqital group multi plexers
and modems (DGM) to operate in future digital communications
system . This equipment includes:

. Loop group multiplexer (LGM)
• T runk  group multiplexer (TGM~
• Master group multi plexer (MGM)

• . Remote loop group multiplexer (RLGM)
• Remote multi plexer combiner (RMC )

Group modem ( GM )
— . Cable driver modem (CDM) (high and low speed)

This DGM equipment allows the multiplexing of 32-kb/s
channe ls  up to 1 8 . 7 5 — M b/ s  r a tes .  In addition , both data
and voice orderwires can be inserted .

Fi gure D-4 shows a block diagram of the TGM which is
r ep resen ta t ive  of other members of the DGM family. The TGM
accepts up to four digital group inputs and multiplexes
them into a single bit stream with a rate of up to 4.096
Mb/s. Two of the qroup inputs can have rates of up to
2.048 Mb/s; the other two can have rat es of up to 1. 024
Mb/s. The sum of the input rates cannot exceed 4.096 Mb/s.

D.1.4 Troposcatter Radio Terminal
4- -

- 
- Despi te  the i n c r e a s i n g  use of communica t ions  s a t e l l i t e s,

much of the fu ture “long—haul” tactical and strateg ic
• communica t ions  w i l l  he t r a n s m i t t e d  us ing  t roposcat ter  radio

terminals. TRI—TAC is presently developing a family of
di g i t a l  tropo terminals (AN/TRC—170) . A simplified block
d iag ram of the AN/TRC-l70 is shown in Figure D-5.

The main feature which distinguishes the terminal from
analog terminals is the use of DGM equipmen t and a d ig ital

-‘ tropo modem at basehand . The RF portion of the terminal is
b a s i c a l l y  the same as other similar analog terminals.

r
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FIGURE D-3
S i m p l i f i e d  Block Diagram

of AN/TTC-42
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FIGURE fl— 4
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The ECCM capability of the AN/TRC-170 is currently not
i-.oll Iefined . Depending on the exact approach used , testing
of the ECCM equipment may require sophisticated hardware
.icICl n-aftware.

I~.l.5 Fiber Optics Transmission Equipment

It is projected that, by 1990 , f ibe r  optics cable ~-~~1l
be u sed to in te rcon nect major sy stem elements in prox imity.
I h e  first application of fiber optics cable by TRI—TAC
will be to replace the coaxial cable used in high—speed
data transmission between the AN/TTC-39 and CNCE and
betwe en the CNCE arid short-range wideband radio. A simplified
block diagram of a fiber optics cable transmission system
is shown in Figure D-6.

Optics technology is advancing rapidly. Since TRI-TAC
is not presently developing a f iber  optics transm ission
system , the exact technology used in this system is unce rt ain .

D.l.6 Net Radio

The Army is currently developing a single-channel
ground and air radio system (SINCGARS ) to be fielded during
the 1985 time frame . By 2000 , various versions of SINCGAR S
-are expected to replace most net radios currently in use
including :

AN/PRC-77
AN/VRC-l2
AN/ARC- 114.

included in the development is an ECCM module to be provided
to selected users .

A simplified block diagram of a SINCGARS radio is
s - own in Figure D-7. Although the specific technologies to
hr used in this equ ipment are unknown , no new exotic metrology
roqu iremen ts are expected , except possibly in the area of
1- 12CM. Testing of a f requency hopping modem would probably

• r-~~uirc. an automatic test facility.

D 2  AVION ICS EQUIPMENT

A v i onics equi pmen t is in the process of chan ging f rom
i l s : - r r - t o  equipments , each having dedicated sensors and dis-

~i 1 ay s , i n t o  an integr ated system which inp uts shared sen sors
a central processor and uses a single display to convey

informat ion to the pilot . Figure D—8 shows a block diagram

4 -  
of a t . -:~ ica1 flight indicator/display system .
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FIGURE D-6
Simplified Block Diagram of

Fiber Optics Cable
Transmiss ion System

Optical
I Modulator Source

- Fiber 0 tic Cable Optical
T Couplex Amplifier

- Photo
Demodulator Detector

Values of Typical System Parameters:

• Operating wavelength — 1 pm
Optical power - 5 mW
Data rate - 1 to 1000 Mb/s 

—— .- - - -- ---5 -5---5 ~~~~~~~±i±i : I



- -

FIGURE 0-7
S i m p l i f i e d  Block Di :C l~ am of
Typica l  Net  Pad~~c- (~;
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Values of Typical System Parameters

- . Operating frequency — 30 to 88 MHz
Output power - 10 to 100 watts

-~ 
. Data rate — 16 kb/s
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FIGURE D-8
Simplified Block Diagram of

Flight Indicator/Display System
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Coupled with the trend to an integrated avionics
system and the subsequent increased use of digital s i e n~ . i
p rocess ing w i l l  be the inc reas ing  use of f i b e r  o p ti c s  cable
Ln place of m e t a l l i c  cable.  Use of f i be r  opt ics  cable .111
si g n i f i c a n t l y  reduce the weight associated with i n t e r n a l
c i qr ~al t ransmiss ion, an impor tan t  cons ide ra t i on  when desi~~n in c
a i r b o r n e  systems .

The following subsections describe several items of
cvionics equipment likely to be in the field i n  the 19 8 5 - 2 0 0 0
t i n e  f r ame .

P.2.1 Distance-Measuring Equipment

D i s t a n c e — m e a s u r i n g  equipment ( DME ) systems are trdnS-
priIe r systems used for  airborne range measurements .  Used
Li combination with a vertical omni—range (VOR) facility
( e . g . ,  TACAN ) , DME provides a complete rho-theta position
r ix.

DME is a pulsed interrogator-transponder system
porating in the 960—1215 MHz band . Interrogations from an

- ircraft are answered by a ground transponder; the elapsed
t ime between interrogation and reply is converted to -a
di stance read ing  between ai r c ra f t and ground stat ion by the
airborne unit. Figure 0-9 is a simplified block diagram of
an airborne interrogator/receiver.

Performance parameters of DME ground and airborne
equipment are not expected to change significantly before
] 9 8~~. Technological advan ces in DME are not expected to
c r r  ite testing problems for DME fielded in the 1985—2000
t i m e  f r a m e .

D.2.2 Surveillance Radars

Radar su rve i l l ance  is the primary means by wh ich the
modern air traffic control system maintains safe separation
of aircraft and coordinates flight planning . The primary

• method of obtaining multiple-target range information in
t h e  presence of stat ionary , clutter—producing targets is to
c-°r -ibine the techniques of pulse and CW radar to produce
1 - ving—target indicator (MTI) or pulse—Doppler radar .

irv~~ information is obtained by measuring the two-way
p r - :  agation time of the transmitted pulse and the received
echo , wh ile veloci ty is determined by extracting Dopple r
infnrmation by comparing the transmitted and received pulse
freqnency spectra. An important requirement of all Doppler
cad irs is the coherent detection of received signals.

- D-13
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FIGURE D-9
Simplified Block Diagram of

Typical Airborne DME Transponder

T/R
RF Section Antenna

Diplexer and

~~~~ Driver }_~~Lrransmitte~~~
__

~.[ 
Antenna Receiver

~ I In jec t ion

DME Pulse
Ci rcu i t ry

Con t rol~~
J ~~~ Inst ~~~~ion 
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5e1f 1 Serial Analog Range

Test I Dista~~~j Distanc~J 
Rate

Cont rol and
Dis lay 

______ Distance Distance Range
Data Data Rate Ident

Control Box Data

To Distance Indicators
or Computer

• Values of Typ ical System Parameters:

. Frequency range — 1025 to 1150 MHz
• Output power - 50 to 2000 watts (peak)
- Pulsewidth — 3 to 4 ps

Pulse rate — 20 to 150 pulses/sec
. Rise/ fal l  time — < 3 ps

Carrier  — stabil i ty + 100 kH z
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A simplified block diagram of a typical MTI radar is
r shown in Figure D-lO . The received echo pulse (a frequency

equal to the transmit frequency plus Doppler shift) is
ampl ified in the RI’ p r e a m p l i f i e r  and down conver ted to IF .
The IF a m p l i f i e r  stage outpu t is fed to a coher ent ph ase
detector which yields bipolar video pulses , ampl itude
modulated at the Doppler shift frequency. In current
r adars , MTI is extracted from the phase-detector  ou tpu t  by
means of either delay-line canceller circuits or dig ita l
pulse cancellation . The trend is clearly to using
shift-register storage elements to perform digital pulse
cancel lat ion .

Technological advances in survei l lance radars f ielded
be tween 1985 and 2000 are not expected to create metrology
problems, except , as previously stated , in the area of
F iber optics equipment.

D.2 .3 Microwave Landing Systems

Microwave landing systems (ML S) were developed to
overcome the limitat ions of VHF-UHF instrument  landing
systems and to provide several new features such as a
curved landing/ approach capabi l i ty  and a precision DME

• f a c i l i t y .

Figure 0-11 depicts a block diagram of a typ ica l
airborne scanning beam MLS equipment. In this approach ,
a~ im u t h  and elevation angle information is obtained by an
-iirborne receiver as it passes through a coverage volume in
space. (This space is illuminated by rapidly scanned
na r row fa n beams generated by the ground equipment , which
t r a n s m i t  narrow-deviat ion, angle-modulat ion, mul t i tone-coded
°i qn a l s . )  These signals contain informat ion  on antenna
scan angle , runway iden t i ty , and other auxi l ia ry  data .

An alternative to the scanning beam system is the
Doppler scan technique . In this  approach , indiv idual
elements of a l inear array are sequential ly excited to
simulate a moving source . This motion produces a signal in
n ice with a Doppler-shifted frequency that depends on the
angular direction of the receiver relative to the moving
source. To measure such a small frequency shift , a nearby
r e f e r e n c e  carr ier is also t ransmit ted from a f ixed an tenna .

Each approach has its advantages and further analysis
$ i s  being performed on both techniques.

- 0-15
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FIGURE D- l0
Simpl i f ied Block Diagram of

k Typical  Survei l lance  Radar
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Stab

Receiver 
____________ ____________

Transmitter
• Mixer

IF
Amp 1 i fier

Coho

0 1 1

• ______________ MTI _____________ MTI Video
Processor

Values of Typical System Parameters :

. Operating frequency — 1 to 3 GHZ

Output power — 5 MW (peak)
Pulsewidth — 0.6 to 2 ps
Pulse rate — 300 to 10,000 pulses/sec
Carrier frequency stability — 0.005%
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~ FIGURE 0-11

~ ~ 
Simplif ied Block Diagram

- __ . .~~~~~~ of Airborne MLS

4’ - -
~~~ - l ~ —______

I
4J~~~

- c m- 

tflL H—~i
~) —~ - --1

C)  H U E - ~
a,

- 0
ii 0 )0

0 4-’
C U

— - --1 5 0 )
5

- --4 0)

0
U)

•
8 -d

0

N

H -’-4 ~~

-
~ I 1~~4-~~0 N 0

~~~~ — I a
‘ 1  I r

— 0 C I ~ to

T 0—  -~

I / (I)

~ 0 5a) u-, a r - - c )
-i 4.) -

~~ . Q
Ui ci) I 0 0

-~~ -~ 1:-i 5 ~
0 0) Q U ~~

- cci - -4 I-i 0 4 4 Q
4J 0) 0) 0) cci C o  4-)

I i-i d 0 4 - ) 0 O  ~,-i .-i 0 .0
-I 0 ) 0  5w o ~~~~o a a

- 0~~~
-
~~~~~~ 

Cfl~~~~~1Z~~ tO 4~) ~4~~- 4 I
—---5-  (1) L&~l a

A

I -  Cl) D~~04-~~
4-)

~~~~ L ___
I — ,-l -~~ -d~~~- e 4~~~4)~~~

_/ 0 c c i 0 a o--5 1 - - _-1 ~~ D~~c f l U )
-5 — Di

• — >, D i 0 0 0
• E-~ O o 0~~

—-4 -~~~~~ 7
0

- - U) -a
- -  0
‘I I —i —4I a

n d  4->

H
~

~~~~~~~ ~~~~~~~~ -~~~~~~~ 

-

- I D—17
• 0

- — - -

~~~ 
-~ - -~~~~~~ -~~

-
~~~~~

- - - - -

- -5 - - ——--- ---- ---- - -- --~~~~~~~~~~~~ - ------ .- —----- -- -- -~~------ . ——~~~~~~~~~~~ - - -- -- -5- - --



—----------~ ----------‘ ----~ — —-5 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

No mat ter which system is u lt i m a t e l y  developed ,
technological advances are not expected to create any
serious metrology problems for MLS deployed in the 1985-2000
time frame .

D.2.4 Collision Avoidance System Equipment

Whi le  a number of coll is ion avoidance systems ( CAS)
are cu rrently avai lable, the time-frequency (T-F) airborne
CAS is the one pr imar i ly  used by the mi l i tary.

The T-F concept depends upon precise synchronization
of cooperative airborne transceivers. Highly stable reference
osc illators , controlled by cesium—beam atomic clocks are
required , e i ther  in the ai r or in ground sta t ions , to
synchronize the airborne systems of participating aircraft.
The fol lowing describes a system , which is generally repre-
sentative of T-F systems .

• The time-frequency CAS is a coherent Doppler system in
which each aircraft in a given volume of airspace is assigned 4

a time slot , dur in g which it broadcasts information regardin g
its position and altitude . Since each time slot is accurately
assigned , and the t ransmiss ion frequency prec isely set ,
accurate range and range-rate data can be deduced from
on—board processing equipment using the signals received
from other  a i r c r a f- .

D u r i n g  each message s lot , two pulses are tran smitted .
The f i r s t  has a to ta l du ra tion of 200 p s , and contains a
preamble and po stamble , each 40-us long, for range deter-
mination . Receiving aircraft detect the time of arrival of
this pulse versus the start of the assigned message slot ,
which is known to a l l  par ti ci pan ts who are properly
time-synchronized . Range is then accurately computed from
the measured siqnal-propagation time . Since transmission

t frequencies are coherent , range rate and sense are determined
by measur ing  the Dopp ler f requency sh if t , re fe r red  to the
known t ransmi tted frequency . Accurate measurement of range
and range rate are c r i t i c a l l y  dependent upon proper time
and f requency synchronism between t r a n s m i t t i n g  and receiving
aircraf t .

The remai n ing 120 p s are ava ilable to t r ansmi t  a i rcraf t
identification or other significant data .

The period between the end of the f i rst pulse and the
beginning of the second pulse is used as an analog of
al titude of the t r ansmi t t ing a i r c r af t , obtained from an
on-board altimeter.
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A simplified block diagram of a tire— fre~~uency C?\S is
U S :ie-~-j n in  F igure  D—12.

R e c e n t l y ,  t r ansponder - type  CAS have been developed ar~~
L~~sted . The operat ion of the system is s imi l a r  to DM5
s-:stems. The t ransponder  CAS d i f f e r s  f u n d a m e n t a l ly f r u ~u
i~-F in several respects, inc lud ing :

It is a non—synchronous  system ; tha t  is , probe
transm issions f r om d i f f e r ent a ircra f t  need no t bc
coherent in time , nor is extremely high-frequency

-~~ stab il i ty  requi red. Ground stat ions are u n n e ce se a r y .

c . Range is measured on the basis of a received
reply  to an in te r rogat ing  signal , wi th  two-way
propagation time the determinant , rather that by
means of the one—way propagation—time measurement
used in T-F.

• Range rate is computed from range m easurements by
integrat ing over a period of time and compu ting
the rate of change of range from the resu l t s, as
in rada r tracking,  ra ther  than by the Doppler
measurements of T—F.

The t ransponder type CAS is expected to f ind  increased
se in m il itary CAS fielded between 1985 and 20 00. i t  is

- h a  expected that technological advances in CAS will not
c~~ise any serious metrology problems for a CAS fielded

• Lu-~~-.een 1985 and 2000.

0.3 ‘L’ARGET DETECTION AND ACQUISITION

The developmen t of equipment and systems to locate
u -nr; weapons (artillery, mortars , and rockets) has a high

iori t y within the Army . While several development programs
ucc currently in progress , this discussion wil l  focus on

I~~c - -ihich have potential metrology problems:

FIREFINDEB

Remote ly  Monitored B a t t l e f i e l d  Sensor Sys tem
(REMBASS)

The re i:-on for locating enemy weapons systems is to initiate
- ountcrmeasures. Therefore , two f i r e  control  systems ,
- -H uh are basically the same and are presently completing
Icc:clopment, will also be discussed in this subsection .
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FIGURE D-l2
Simplif ied Block Diagram of

Antennas Collision Avoidance Airborne System

Received RF
Receiver I.F. + Doppler

~ Transmitter 1st 2nd 
Ref Discriminator

~~ Duplexer ~~ Driv: 
L .O. L .O.  

-

Pulse Mod. Biphase Mod Frequency
Mod. Gate Control

_ _ _ _ _ _ _  _ _ _ _ _  

Timing
Range Rate

Limiter Control 
_______ Circuit Boards 

~ 
Biphase Data

Digital, Analog, Thresholded Video
Antenna Switch Control & Control Logic ~

~~— Altitude, from Airc ra f t

~~~.. Oleo Strut Switch from Aircraft
To Aids Recorder

~ Gear/Flap Switch from Aircraft

___ To Flight Data Recorder

To Maneuver Indicator

.~~~~ Audio Tone to Aircraf t

~~~~i1lator~~~~ 

Frequency 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Standby Battery

Values of Typical System Parameters:

Operating frequency — 1.6 to 5 GHz
• Output power - 100 to 200 watts (peak)

Pulsewidth — 25 to 40 M5
. Pulse rate — 50 to 1000 pulses/sec
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0 . 3 . 1  F IR E F I N D E R

Presentl y ,  two distinct development programs exist
within FIREFINDER: the Mortar Locating Radar , AN/TPQ-36 ,
and the Ar t i l l e r y  Locatin g Radar , AN/TPQ-37. The func-
tional block diagrams for these u n i t s  are very sirn i . l~cr and
are shown in Figure D-l3. The main differences in the
equi pment parameters for  these radar sets are the range an d
accuracy. Both of these radar sets are scheduled to go
into fu l l - s ca l e  production a f t e r  1980. I t is expec ted tha~
other types of sensors , namely seismic/acoustic sensors ,
will be coupled with radar detec tors in f u t u r e
FIREFINDER—developed equipment .

Since these uni t s  are presently under development , ut~w
advances in technology should have little impact on the
metrology requirements of the FIREFINDER equipmen t f i e lded
between 1985 and 2000. However , a potential  tes t ing problem
-:--xists if seismic/acoustic sensors are coupled with the
radar. Further effort will be required to determine test
requirements for these sensors.

D.3.2 REMBASS

The purpose of REMBASS is to provide an early warning
surveillance and target acquisition capability in a worldw ide ,
all weather , day—night environment. A simplified block
diac~ram of REMBASS is shown in Figure D—l4. The system
wiil . l conn is t  o f :

Remote sensing elements
- Relay elements
• Monitoring/readout elements.

The remote sensing elements are expected to include :

Se ismic sensors
. Magnetic sensors

Acoustic sensors
Optical  imagin ing sensors
Chemical sensors.

It is expected that REMBASS will enter the engineerinq
development phase with a relatively simple system consisting
erimarily of seismic sensors. Additional advanced develop-
ment  wi ll cont inue in areas jud ged i n s u f f i c i e n t l y  ma tu re
for full-scale development. Full-scale production of the
basic system is expected to begin in 1981; full—scale
prod uction of the sophisticated system is expected to begin
by 198 3 .
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FIGURE D-l3
Block Diagram of FIREF INDER
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-~~ FIGURE D- l4
Block Diag ram of

~ Remotely Monitored Battlefiel~
Sensor System (REMBASS)
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Since REMBASS is st ill in ea r ly  development stages , it
is expected that recent and advanced technolgoy wi l l  be
used in this  equipment. Therefore , it is l ikely that the
LSI technology used in this  equipmen t will  tend to be CMOS
and 12L as a result of the requirements for real—time
processing and low power consumption .

D.3.3 TACFIRE

TACFIRE is an automated artillery fire control system .
To compute the location of enemy a r t i l l ery ba tteries, the
TACFIRE computer uses inputs f rom several sensor sources ,
including :

- REMBASS
. F I R E F I N D E R
- Forward a r t i l l e ry  observers.

In addition , the TACFIRE computer inputs in fo rma tion and
available resources determine the opt imum means to take
countermeasures.

Once the TACF IRE computer has determined the action to
be taken , it formul ates a message to the a r t i l l e ry  bat tery
computer detailing the coordinates and charge to be fixed .

The TACFIRE system is current ly being f ie lded ; it is
expected tha t  this equipment w i l l  be in the f ie ld  throughou t
the 1985—2000 time period . Since the technology is typical
of l970s computer systems , no metrology problems are
anticipated .

D.3.4 Missileminder System

The AN/TSQ-73 HAWK missileminder system is simi!ar in
concept to TACFIRE . The AN/TSQ-73 is used to manage HAWK

t missile batteries against enemy aircraft. The principal
sensor input to the AN/TSQ-73 is MTI radar. In addition ,
the AN/TSQ—73 must compute three- , rather than two— ,

- ‘  dimensional target coordinates. Figure D-15 shows a
simplif ied block diagram of the AN/TSQ-73 .

The technology used in the AN/TSQ-73 is typ ical of
l970s processor—equipped systems. Since it is expected
that this  system wi l l  s t i l l  be in the f i e ld  dur ing  the
1985—2000 time period , no metrology problems are antici—
pated for this equipment item .
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D . 4  ELECTRONIC WARFARE EQUIPMENT

EW is the military use of electronics to:

• Prevent or reduce an enemy ’s effective use of
radiated electromagnetic energy

• Insure our own effective use of radiated electro-
magnetic energy.

• Following from this definition , EW can be subdivided
into three major areas :

Electronic countermeasures (ECM)

• . Electronic warfare support measures (ESM)

. Electronic counter-countermeasures (ECCM) .

ECM are actions taken to prevent or reduce the effec-
tiveness of enemy equipment and tactics employing or
affected by electromagnetic radiation , and to exploit the
enemy ’s use of these radiations. The most common form of
ECM is active jamming which is used for both communications
and non—communications systems.

ESM are actions taken to search for , intercept , locate ,
record , and analyze radiation in support of military opera-
tions. As such , ESM provides a source of information required
to conduct other forms of EW.

ECCM are actions taken to insure the effective use of
electromagnetic radiation in the presence of a enemy ECM.

Because of the highly classified nature of EW equipment
and techniques, it is not possible to present detailed
system configurations and parameters. Rather , a general
configuration will be used to discuss equipment trends which
will impact future metrology requirements.

Figure D-16 shows a simplified block diagram of a
typical airborne EW system . The system contains RF receivers
and optical/IR sensors used primarily for ESM and RF trans-
mitters and optical emitters used for both ECM and ECCM .
The control processor is a significant item in the sophisti-
cated EW system . The complexity of present EW systems
mandates that a processor be used to control ESM and ECM/ECCM
activities. In the 1985 to 2000 time frame , the control
processor will be required to perform even more complex

f. functions to match the enemy threat level.
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Future EW systems are dependent on several technologies ,
includ ing:

RF receivers/generators

- There is an anticipated need to operate at
frequencies up to 100 GHz.

- The need to operate between 10 and 1000 GHz
is present ly  unclear , however, there is a
qood possibility this capability will be
required before 2000 .

- Antijamming techniques such as spread-spectrum
modulation and frequency hopping will be
used .

Optical/IR sensors and emitters

- Increasing use wi l l  be made of both IR and
optical sensors/emitters.

- Fiber optics cable wi l l  replace system
cabling especially in airborne systems.

. Digital logic circuits — smaller faster logic
circuitry will be required in airborne systems .

• 
- Display systems

— Especially in airborne systems , sophisti-
cated display systems will be required to
interface a multifunction EW system with the

• system operator .

• - Displays will have to be smaller and lighter.

Despite the impact of technology advances on future EW
systems, few problems related to the metrology requirements
for these systems are anticipated. The one high—risk area
is in automatic testing of optical/IR equipment.
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